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ABSTRACT

C hapter I
Mitochondrial DNA (mtDNA) was isolated, purified from pooled samples o f fall
armyworm (FAW), Spodoptera frugioerda. and characterized. The yield o f mtDNA from
adults ranged from 45 to 114 ng per moth. Entire mtDNA from adult FAW showed 1 to 3
electrophoretic bands when electrophoresed on agarose gels. When digested with Sail or
Xhol restriction endonucleases, all DNA forms co-m igrated as single bands with the same
mobility. Xbal cleaved the mtDNA into three fragments o f 8083 + 524, 6179 + 430, and
1990 + 140 base pairs (bp). The FAW mitochondrial genome size was calculated to be
16,253 ± 980 bp. Twenty nine restriction enzymes were used to develop a detailed map of
three X bal fragments cloned into a pUC19 vector. Seventeen restriction sites were located
on the largest insert, eighteen on the middle-sized fragm ent, and four on the smallest one.
A physical restriction enzyme map of the fall armyworm mtDNA was constructed.

Chapter II

DNA/DNA hybridization of X baI-0.3K b and X baI-2.0K b fragments with probe DNAs
of EcoRI-0.78K b and EcoRI-1.32K b from FAW mtDNA clones has indicated that the
X baI-0.3K b DNA fragm ent is located most likely within the X baI-6.2 fragm ent nearest to
the XbaI-2.0K b fragment. The source o f this clone is best explained by a low level of
heterogeneity within FAW.

DNA sequencing of XbaI-0.3K b demonstrated that this

fragment contained a 232bp sequence which is 79.2%, 78.4%, and 73.6% similar to mtDNA
fragments from Drosophila vakuba. D. melanoeaster. and Locusta m ieratoria. respectively.
In these species these regions code for parts o f a mitochondrial unidentified open reading
fram e, URF1. This finding confirms that the X baI-0.3K b fragm ent is part o f the FAW
mitochondrial genome.

x

C hapter III
A 2.0kb fragment of fall armyworm (FAW) mtDNA, inserted into the Xbal site o f the
vector pUC19 was subcloned, sequenced, and analyzed to elucidate its possible function
in the organelle.

The fragment was 2019bp in length.

It contained 83.7% A and T

nucleotides, 123 pairs of short direct repeats, 28 pairs of inverted repeats, and IS
overlapping open reading frames. The fragment contains the large rRNA gene (16S) and
a major part of the URF1 gene. A clover leaf tRNA-like sequence occurs between them.
Two genes are 75.7% and 82.3% similar to corresponding genes in D. vakuba. By comparing
the large rRNA gene with the same gene from seven different species, seven base
conservation regions, ranging from 17bp to 45bp, were discovered.

xi

INTRODUCTION

Literature Review o f Mitochondrial DNA

The discoveries o f mitochondria in the late 1940’s and the presence of mitochondrial
DNA (mtDNA) in various organisms (Nass et al. 1963), and the isolation of mtDNA from
N eurospora crassa (Luck et al. 1964) attracted this extrachromosomal genetic elem ent to the
attention o f many investigators.

U ntil the mid 1970s, investigations of mtDNA were

accomplished by electron microscopy combined with restriction endonuclease fragm ent
analysis (Wolstenholme et al. 1967; Nass et al. 1969 a,b; Wolstenholme et al. 1972; Bultman
et al. 1973; Bogenhagen et al. 1974; Brown et al. 1974; Robberson et al. 1974; Fauron et al.
1976; Wolstenholme et al. 1976). However, in the last fifteen years, the developm ent of
molecular biological technologies has perm itted more detailed

studies of m itochondrial

genomic structure, organization, gene expression, and dynamic relationships among
organelles.

Several reviews have been written on mitochondrial genomes o f mammals

(Cantatore 1987), animals (A ttardi 1985), higher plants (Print 1985), fungi (Grossman et al.
1985), and various other species (Dillon 1987).
Although the size and complexity of mitochondrial genomes varies from plants to
animals, they have been found to encode for only a small num ber o f organelle-specific
polypeptides. In vitro translation revealed that between 20-30 proteins were encoded by
plant m itochondrial genomes (Newton 1988), while only 13 mRNA transcripts are
synthesized by animal mtDNA (Anderson et al. 1981). M itochondria are indisputably
necessary for electron transport and oxidative phosphorylation. T herefore, three to four
hundred proteins required for the K rebs cycle, fatty acid oxidation, and oxidative
phosphorylation, etc., w ithin the m itochondria are specified by the nucleus (Swanson et al.
1985) and transported into the mitochondria (Colman et al. 1986). However, unlike many
bacterial extrachromosomal plasmids, whose encoded proteins are required for resistance to
antibiotics and other xenobiotic metabolisms (Hardy 1986; Rodriguez et al. 1988),
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mitochondrial genomes encode proteins that are essential for eukaryote growth.
Four major characteristics of the plant mtDNA include: large size (200-2500kb),
multipartite forms, (Dale et al. 1983; Stern et al. 1986), "promiscuous" regions (having
chloroplast DNA region) (Sederoff et al. 1986; Joyce, et al. 1989), and the occasional
existence as linear plasmid-like DNA (Pring et al. 1985; Leon et al. 1989). Inverted and
direct repeats found in plant mtDNAs are likely regions of DNA rearrangements, deletions,
or insertions (Levings III 1983; Pring et al. 1985). In addition, certain specific genes have
been found within plant mtDNAs. They are the alpha-subunit gene of ATPase (Issac, et
al. 1985), a 5S rRNA gene (Leaver et al. 1982), a reverse transcriptase-like gene (Schuster
et al. 1987), the S12 and S13 mitochondrial ribosomal protein genes (Gualberto et al. 1988),
and genes related to cytoplasmic male sterility (Young et al. 1986; Dewey et al. 1986).
Because of their large size and complexity, complete DNA sequences of the entire plant
mitochondrial genome have not been reported.
In contrast, animal mtDNAs are extremely economic genomes. They are 10-156 times
smaller than plant mtDNA. There is an absence of introns and intergenic non-coding
sequences. The entire mitochondrial DNA from six species has been sequenced and encoded
genes have been transcriptionally mapped or identified by comparison with known
mitochondrial DNA sequences from the Genbank database (Devereux 1984). The complete
sequence o f human mtDNA, which consists of 16,565 base pairs (bp), was first reported by
Anderson et al.(1981). The reported size for mtDNA are: mouse L cell, 16,295bp (Bibb et
al. 1981), cattle, 16,338bp (Anderson etal. 1982). Drosophila vakuba. 16,019bp (Clary etal.
1985), Xenoous laevis. 17,553bp (Roe et al. 1985), and Stronevlocentrotus purpuratus.
15,659bp (Jacobs et al. 1988). Recently, several large mtDNAs have been reported. An
obligate nematode parasite. Romanomermis culicivoras. contains mtDNA between 25-32kb
(Beck et al. 1988) and the mtDNA of a deep-sea scallop, Placooecten maeellanicus. was
determined to be 34kb (Snyder et al. 1987). However, with few exceptions, all mtDNA in
animals contains 2 rRNAs (16S and 12S), 22 tRNAs, and 13 mRNA genes that code for

polypeptides that assemble with nuclear-coded proteins to form four enzymatic complexes
involved in electron tr a n s p o r te d oxidative phosphorylation (Doonan et al. 1984; Michael
et al. 1984; Colman et al. 1986; Grivell 1988). L ittle is known about the mechanism that
coordinates mitochondrial gene expression with nuclear gene expression (Swanson et al.
1985).
Besides mtDNA structure, organization, and gene expression, studies on mtDNA
evolution and mtDNA exchanges among organelles are active research areas. Genomic DNA
exchanges between mtDNA and nuclear DNA (nDNA) have been extensively documented
since 1983. For example, nuclear pseudogenes fo r cytochrome oxidase subunit I (CO I) and
mitochondrial rRNA genes have been found w ithin sea urchin nDNA (Jacobs et al. 1983).
M tD N A -like sequences have also been observed in the human nuclear genome (Fukuda et
al. 1985), in rats (Hadler et al. 1983), amphibians (Spolsky 1984), insects (Gellissen et al.
1983), plants (Kemble 1983; Schuster et al. 1988), as well as in yeast (Farrelly 1983). These
findings, and the extensive am ount o f genomic exchanges between mtDNA and chloroplast
DNA, have led Nugent et al.( 1.988) to propose that organelle genomes are not discrete,
separate DNA entities. That is, mtDNA is involved in a dynamic relationship w ith other
organelles and nuclear genomes.
Recent studies have shown that genomic changes in mtDNA are correlated with
developmental and physiological processes. The senescence o f Podospora appears to involve
the generation o f senescence DNAs (senDNA), called alpha-, b eta-, gam m a-, d elta-, and
theta-events (senDNAs were also term ed plasmids). These senDNAs are excised from the
intact mtDNA o f the juvenile culture, transposed to the nucleus, and integrated into the
nDNA (Wright et al. 1983; Osiewacs et al. 1984; Grossman et al. 1985). MtDNA loss was
also found to be related to the aging process and physical activity.

In the case o f D.

m elanoeaster. a slow phase mtDNA loss was related to aging o f the insect, whereas a fast
phase loss was related to adult flight (Massic et al. 1987). Intra-anim al mtDNA sequence
heterogeneity was found in the d ifferen t tissues o f bovine (Hauswirth et al. 1984), which
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is probably a developmental result. Another example o f a mtDNA change, related to a
physiological process, is the human disease called myopathy where a Skb deletion of mtDNA
was found within the human population. This deletion was related to the neuromuscular
disorder called ocular myopathy (Schon et al. 1989), associated with muscle weakness and
multisystem neurological syndromes (Holt et al. 1989).

Fall Armyworm Background
Fall armyworm (FAW). Spodoptera frueiperda (J. E. Smith) is a major economic pest
of corn, rice, and various forage crops in the Western Hemisphere. It is composed of two
genetically differentiated host strains (Pashley 1986). Experimental data suggest that the
two strains are probably reproductively isolated and may be separate species (Pashley &
M artin 1987, Pashley 1988). Unfortunately, there are no diagnostic markers o f any kind
that distinguish them. Because mtDNA has a fairly rapid rate of evolution (Moritz et al.
1987), there is a high probability that it may exhibit diagnostic differences between the
strains. Using digested total DNA from individual FAW moths that was visualized by
hybridization to a nick-translated probe of Drosophila silvestris mtDNA, variation in
mtDNA of FAW strains suggested there were differences (Pashley 1988, 1989). However,
use of a heterologous (non-FAW) probe is ill advised because of low homology and
difficulty in interpreting variation in fragment densities. Therefore, before progress can
be made on population genetic and evolutionary studies o f FAW, it is necessary to fully
characterize the mtDNA.
Studies on FAW MtDNA

The prim ary objectives o f my dissertation research were; (1) to establish base line
information on Lepidoptera mtDNA; (2) to understand the molecular bases and gene
organization of the FAW mtDNA; and (3) to understand mitochondrial evolution through
comparative studies. To achieve these goals, FAW mtDNA needed to be cloned. Cloning
required purification and verification o f mtDNA, followed by the creation of a mtDNA
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genomic library. A detailed restriction site map o f the entire genome was also generated.
This is the focus of Chapter I.

During the cloning process, several extra, unexpected

fragm ents were discovered. Their origin and location within the genome became a second
focus o f my research that is the basis o f Chapter II. Finally, my last goal was to sequence
a portion of the cloned FAW mtDNA genome to determ ine the degree to which gene order
and base sequenced are conserved in insects. These results are presented in C hapter III.
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CHAPTER 1

Mitochondrial Genome of Fall Armyworm, Soodoptera frueiperda
(J . E. Smith): Electrophoretic Patterns, Genomic Library,
and Restriction Endonuclease Mapping
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ABSTRACT
Mitochondrial DNA (mtDNA) was isolated, purified from pooled samples of fall
army worm (FAW), Spodoptera fruaioerda. and characterized. The yield of mtDNA from
adults ranged from 45 to 114 ng per moth. Entire mtDNA from adult FAW showed 1 to 3
electrophoretic bands when electrophoresed on agarose gels. When digested with Sail or
X hol restriction endonucleases, all DNA forms co-migrated as single bands with the same
mobility. XbaT cleaved the mtDNA into three fragments of 8083 + 524, 6179 + 430, and
1990 + 140 base pairs (bp). The FAW mitochondrial genome size was calculated to be
16,253 ± 980 bp. Twenty nine restriction enzymes were used to develop a detailed map of
three Xbal fragments cloned into a pUC19 vector. Seventeen restriction sites were located
on the largest insert, eighteen on the middle-sized fragment, and four on the smallest one.
A physical restriction enzyme map of the fall armyworm mtDNA was constructed.
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INTRODUCTION

Most knowledge about mtDNA in insects is from work conducted on Drosophila
(Bultman et al. 1973; Polan et at. 1973; Fauron et al. 1980; Clary et al. 1985; Garesse 1988).
Other insects that have received more recent attention include another dipteran, Aedes
albopictus (HsuChen et al. 1984), an orthopteran, Locusta mieratoria (McCracken et al.
1987), and a hymenopteran, Apis mellifera (Vlasak et al. 1987; Crozier et al. 1989).

I chose to investigate the mitochondrial genome of fall armyworm, Soodootera
frueioerda (J.E. Smith) to understand its molecular organization in relation to these other
studies. Detailed physical restriction enzyme mapping of the entire mtDNA of FAW will
provide the basic information necessary for subsequenct molecular research.

Through

cloning and subcloning, mtDNA sequence, gene organization, and gene expression can
eventually be studied. Here I report on electrophoretic patterns of isolated FAW mtDNA,
molecular cloning of three DNA fragments and a physical restriction endonuclease map of
the entire mtDNA.

MATERIALS AND METHODS

Sample Material
FAW were obtained from a lab colony that had been maintained for about 75
generations in the Department of Entomology, LSU. The colony was started from adults
trapped in a blacklight trap located near a rice field in Crowley, La. and supplemented with
larvae collected from bermuda grass, corn, and sorghum (Pantoja et al. 1986). This colony
was later determined to contain a mixture of two host strains (Pashley 1986).
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Preparation o f mtDNA

O ne-day-old adults were chosen as starting material because eggs (Dawin 1966) and
flight muscles are rich in mitochondria. All work was done on ice except where indicated.
Adults were anaesthetized with carbon monoxide and wings removed. Two grams of pooled
adults constituted a sample. Generally four samples were prepared simultaneously. Each
sample was homogenized in 35 ml of mannitol buffer (220 mM mannitol, 70 mM sucrose,
1 mM EDTA, pH 7.4) in a Norman Erway Glass homogenizer. The first two dounces of the
pestle (driven by a motor adjusted to 70-80 rpm) were quick and followed by three gentle
dounces. The homogenate was transferred to a 50 ml centrifuge tube and spun at 1,000X
g (3000 rpm) for 10 min (Sorval SS34 rotor). The supernatant fluid was transferred through
two layers of sterilized cheesecloth into another 50 ml centrifuge tube and set aside. The
pellet was re-homogenized as described above.

The two supernatant fractions were

combined and centrifuged at 13,000 rpm (20,000X g) for 20 min.
resuspended in 2-3 ml o f mannitol buffer.

The pellets were

At this point, two to four samples were

combined into a single 50 ml centrifuge tube. Mannitol b u ffer was added to bring the
suspension volume to about 35 ml. This was centrifuged at 3,000 rpm (1.000X g) for 20
min. The resulting milky supernatant fluid was centrifuged for 20 min at 13,000 rpm.
This pellet contained mostly intact FAW mitochondria.

To obtain highly purified mtDNA the pellet was resuspended in 4 ml o f STE bu ffer (100
mM Tris-H Cl pH 8.0, 20 mM NaCl, 10 mM EDTA). Two hundred microliters o f a
proteinase K solution (0.5 M EDTA, pH 8.0, 100 ug/m l proteinase K , 0.5% sarcosyl)
(Maniatis et al. 1982) was added and the suspension was incubated at 50°C for 10 min.
Partially lysed mitochondria were broken by the addition o f 200 ul of 20% SDS at 60°C for
10 min. Next, 2 grams of CsCl were dissolved into 4.4 ml o f the lysed mitochondria and
refrigerated overnight. The lysate was centrifuged at 20,000 g for 20 min. Supernatant
fluid was transferred to a new 5 ml tube, and 2 grams CsCl were added, and dissolved.
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Next, 0.4 ml of ethidium bromide (EtBr) (10 mg/ml) were added to the sample in the dark
and put on ice for 0.5-1 hr before centrifuging the sample again at 20,000 g for 10 min.
The supernatant fluid was adjusted to a density of 1.58-1.59 mg/ml with solid CsCl or STE
buffer, and it was transferred to a 5.5 ml ultracentrifuge tube. The sample was centrifuged
in an ultracentrifuge (SW 50.1 rotor) for 36-48 hrs at 160X Kg (37,000 rpm) at 20-25°C.

The closed-circular mtDNA band was extracted by syringe from the tube, EtBr was
removed by water-saturated n-butanol, and CsCl was removed in a dialysis buffer,
according to Maniatis et al. (1982). Ethanol precipitation was omitted for reasons mentioned
later. This purified mtDNA was used for electron microscopy (EM) sample spreading,
cloning, restriction endonuclease analyses, and as a template to perform nick translation.

Electron microscopy fEMI o f MtDNA

To verify that the DNA obtained above was closed-circular mtDNA and to check if the
multimers were part of the isolated mtDNA, DNA was analysed by EM. The size of the
isolated mtDNA was estimated based on EM pictures that included an internal plasmid DNA
standard, pUC19 (2,686 bp) (Yanisch-Perron et al.1985). Theory and techniques for EM
examination of DNA were performed as essentially described by Evenson (1977). Briefly,
procedures employed were the following: 20 ul of purified mtDNA (20 ng/ul) was drop
dialysed on a millipore filter over 1% ammonium acetate for 15 min. A cytochrome C
solution of 980 ul (950 ul of 0.2 M ammonium acetate, pH 8.4, 10 ul of 0.1 M EDTA, 20
ul of 0.01% cytochrome C) was prepared and filtered through a 0.45 um millipore filter.
This filtered cytochrome C solution was gently mixed with the above DNA solution. Then
40 ul of the above mixture was placed on a piece of parafilm that was on top of 3MM
Whatman filter paper in a petri dish. Several drops of 16% formaldehyde were droped on
the filter paper, and then the petri dish was covered for about 15-30 min. In order to
transfer DNA from the drop, the surface of the drop was quickly touched with a prepared
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copper grid which was then immediately placed in filtered 50% ethanol (EtOH) (face down)
for 20 sec, then to 0.2% uranyl acetate in 90% EtOH for 30 sec, followed by placement in
90% EtOH for 10 sec. These prepared DNA specimens were air dried and then shadowed
with 80:20 mixture of platinum-palladium to enhance contrast.
The specimens were examined under a JEOL 100 CX electron microscope.

Size

estimations o f the enlarged mtDNA images were done by a PC computer program called
UTOPIA (Apple computer INC. 1981).

3’end-labeling o f mtDNA fragments

Experimental procedures were based on a modification of Ausubel et al. (1987).
MtDNA (400 ng) was Xbal digested in 30 ul of Xbal reaction condition.

DNA

polymerization reaction components to fill in the 3’ end included 1 ul of alpha-32P-dCTP
(650 Ci/mmol), 1 ul each of weakly radioactive alpha-32P dATP, dGTP, and dTTP, and 1
ul Klenow (5.5 units). The DNA synthesis was carried out at 37°C for 15 min. The
enzymatic reaction was stopped by adding 8 ul stop buffer (Maniatis et al. 1982). Labeled
DNA was separated through a 10 x 6 mm Sephadex G -50 column into four aliquots (400 ul
each) which were dried in vacumn. The pellet was dissolved in 30 ul TE, and DNA was
separated on a 0.9% agarose gel which was then heat-dried before being exposed to Kodak
Diagnostic X -ray film.

Competent cell preparation, transformation, and recombinant plasmid preparation

Several methods were used to establish a FAW mtDNA library. The following was the
easiest and produced more recombinant plasmids than others.

About 480 ng of FAW

mtDNA and 115 ng of plasmid pUC19 (Yanisch-Perron et al., 1985) were mixed and
digested with Xbal or EcoRI. A fter heat treatment at 65°C for 10 min and slow cooling to
room temperature, ligation was performed in a total volume of 30 ul at 16.5°C overnight.
E. coli strains JM 83 or DHg alpha were then transformed with the ligated DNA from which
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individual recombinant plasmids were isolated.

The preparation of competent cells for DNA transformation was based on Hanahan
(1983). A proportion (0.5 ml) of an overnight culture of the above E. coli strain was
transfered to 50 ml of fresh LB medium, and it was incubated in a shaker (160 rpm/min)
at 37°C for 2-3 hrs. Bacterial cells were harvested (in HB-4 rotor at 4,000 g [5,000 rpm]
for 10 min.), washed (50 ml of 10 mM NaCl), and recentrifuged (same conditions). The
pellet was then resuspended in 50 ml of buffer I (50 mM CaCl2, 10 ml RbCl, 10 mM TrisHC1, pH 7.5) and placed on ice for 15 min. Cells were again harvested by centrifugation
(5,000 rpm for 10 min in HB-4 rotor), resuspended in 2 ml buffer II (50 mM CaCI2, 10 mM
RbCI, 10 mM Tris-HCl, pH 7.5, 15% glycerol), and placed on ice for 60 min.

The

competent cells obtained by the procedure were used immediately for transformation by
ligated DNA.

Four hundred microliters of competent cells were mixed with 7 ul ligated DNA (about
100 ng) in 200 ul TENC (20 mM Tris-HCl, 1 mM EDTA, 20 mM NaCl, 30 mM CaCl2).
The mixture was placed on ice for 30 min, heat-shocked at 42°C for 4 min, and rapidlycooled on ice for 4 min. The cells were finally incubated in 1 ml LB for one hour at 37°C
with shaking. Transformed cells were selected as ampicillin (50 ug/ml agar LB medium)
resistant, colonies that lost alpha-complementation ability o f the original plasmid pUC19
(Ullman et al. 1967). Plasmid DNA from individual selected colonies was prepared from
1.5 ml cultures, containing ampicillin (50 ug/ml), by the procedure of Birnboum et al.
(1979). To verify that plasmids contained DNA inserts, DNA was cleaved with Xbal or
EcoRI and DNA fragments were analysed by agarose gel electrophoresis. Xbal or EcoRI
digested FAW mtDNA was used as DNA fragment markers to identify inserted mtDNA
fragments. mtDNA fragments were also verified by hybridization to a nick-translated FAW
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mtDNA probe. Large scale isolation o f recom binant plasmids were prepared from 0.5-1 liter
cultures (M aniatis et al. 1982).

Southern blotting, nick-translation. and hybridization

D NA /D N A hybridization by Southern blot were carried out according to the procedures
of Ausubel et al. (1987). Occasionally, DNA on a gel was double transferred to two pieces
of nitrocellulose filters, one on each side o f the gel (Maniatis et al. 1982).
N ick-translation was perform ed on either entire FAW mtDNA (approx. 0.5 ug) or
purified recom binant plasmid DNA (approx. 1 ug).

The following procedures were

employed.
DNase I was activated by mixing 1 ul of stock DNase (1 m g/m l) with 9 ul o f activation
b u ffer [10 uM T ris-H C l, 5 mM MgCl2, 1 mg BSA/ml] which was then kept on ice for 30
min to 4 hours. This m ixture of 1 ul was diluted by 1.5 ml activation buffer. While the
diluted DNase I was held on ice, 100 ul o f nick-translation b u ffer (10 ul of 0.02 M DTT,
10 ul o f 2 M Tris-H C l pH7.5, 10 ul o f 1 M MgCI2, 10 ul o f 1 mM dATP, 10 ul of 1 mM
dG TP, 10 ul of 1 mM dTTP, 5 ul o f 10 m g/m l BSA solution, and 35 ul o f water) was
prepared. The nick-translation reaction was perform ed in 30 ul containing 5 ul DNA (
approx. 1 ug), 3 ul nick translation buffer, 16 ul o f water, 5 ul of a!pha-32P-dC TP, 0.5 ul
of DNase, and 0.5 ul of E. coli DNA polymerase I, and incubated fo r one hour at I3-15°C.
The reaction was stopped by adding 25 ul o f stop b u ffer (0.5 M EDTA, 20% SDS, 200 mg
blue Dextran powder, 0.5 mg Bromophenol blue in 5 ml), 5 ml o f 0.5 M EDTA, and 125 ul
o f Sephades G -50 buffer (2 M Tris-H C l, pH7.5, 5 M NaCl, 0.2 M Na2EDTA, 20% SDS).
The final m ixture o f 185 ul was heated at 65°C for 10 min. Labeled DNA was separated
from unincorporated nucleotides by chrom atography in a 10 x 6 mm Sephadex G -50
column. Specific activity was measured by using a scintillation counter.
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To denature nick-translated DNA, 0.1 volume of NaOH (3N) was added and incubation
was at room temperature for 5 min. Then, 20 ul (2 x 106 cpm) of the denatured DNA was
mixed with 5 ml of prehybridization buffer. DNA/DNA hybridization was carried out for
12-18 hours at 65°C in a water bath.

After hybridization, filters were washed 2 times in

500 ml of solution I (2 X SSC, 0.2% SDS, 1 x Denhardts) for 15 min at room temperature
with gentle shaking, followed by 3 washes with 300 ml of solution II (2 X SSC, 0.1% SDS)
for 30 min at 42°C, followed by 5 washes with 300 ml of solution III (0.2 x SSC) for a few
min at room temperature. The nitrocellulose filters were air dried on a 3 MM Whatmann
filter. Filters were exposed to X-ray film and an autoradiogram obtained.

Restriction endonuclease mapping

Restriction enzyme cleavage sites were determined on the entire mtDNA and the
mtDNA inserts from the three recombinant plasmid isolates. Single, double, or triple
restriction enzyme digestions were used. Strategies used in the mapping study were as
described by Ausubel et al.(1987) The size of each DNA fragment was determined by
comparing migration distances of sample DNA fragment with DNA size standards. Twenty
nine restriction enzymes were used in our study.

RESULTS

Isolation and electrophoretic patterns of entire FAW mtDNA

Entire FAW mtDNA was isolated as closed-circular DNA from CsCl-EtBr density
gradients. Yields varied with extractions and ranged from 13.5 ug per 24 g of adults to
32.8 ug per 29 g of adults (or 45-114 ng mtDNA per adult) when only a single
ultracentrifugation is performed.

When undigested purified FAW mtDNA was

electrophoresed in agarose gels and visualized with EtBr and UV light, one to three DNA
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bands with different mobilities were found (Fig.la lane 2,3, and 4; lb lane 2). Because
ethanol precipitation could change proportion of mtDNA forms, I omited the precipitation
step and directly used DNA from the equilibrium gradient after EtBr and CsCl were
removed. FAW mtDNA behaved differently when the same purified mtDNA sample was
electrophoresed on different agarose concentrations, size gels, and lengths o f time. When
the sample was applied on a 20 cm of 1.0% agarose gel for 20 hours at SO volts (Fig.lb, lane
2), three DNA bands were resolved, all of which migrated slower than the 23.1 K b DNA
standard (Fig.lb lane 1). However, when the same mtDNA samples were analysed on a 0.7%
agarose minigel, run for 2.5 hours at SO volts, only two mtDNA bands could be resolved.
The faster-m igrating-band co-migrated with Sal! or XhoT linearized mtDNA, which was
approximately 16 Kb (Fig.Id lane 1-3). One or two slower-migrating-band(s) on the top
of our gels were originally thought to be nuclear DNA contaminations or multimers of the
mtDNA.

However, DNA-DNA hybridization of these DNA bands with labeled

recombinant plasmid, containing an Xbal fragment of FAW mtDNA demonstrated that these
DNA bands were homologous to FAW mtDNA (Fig.Ic). Vector pUC19 does not hybridize
with FAW mtDNA (see below Fig 4a and c). Furthermore, when purified FAW mtDNA
was digested with Sail or X hol. only a single band at a position around 16 Kb (Fig.Id tane
I and 2) was observed. We concluded that purified FAW mtDNA contained three different
forms that migrated at different rates on agarose gel. At an early stage of our mtDNA
isolation, a second ultracentrifuge purification was performed, in order to get rid of "nDNA
contamination". This treatment caused loss of the two "lower molecular weight band(s)"
(Fig. la lane 2) and this second spin was thus ill-advised.
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Fig. 1. Agarose gel electrophoresis patterns of mtDNA from FAW. DNA was visualized
by staining with EtBr and UV light or by autoradiography.
(a) mtDNA isolated from two CsCl-ethidium bromide density ultracentrifugations
followed by ethanol precipitation of DNA on two 0.7% agarose minigels (at 50 volts for
2.5 hrs).

Lane 1: HindlH digested lambda DNA;

representing 1.03 grams o f adults.

Lane 2: 20 ul entire mtDNA

Lane 3 and 4: other preparation of mtDNA. HindlH

digested lambda DNA was omited.
(b) mtDNA prepared with one ultracentrifugation without ethanol precipitation, and
run on a 20 cm long 1.0% agarose gel at 50 volts for 20 hrs. Lane 1: lambda DNA HindTII
digestion (two bands were run out because of 20 hrs of electrophoresis);

Lane 2: 281 ng

of FAW mtDNA. Three bands were visualized, all greater than 23 K b in size.
(c) Undigested FAW mtDNA (281 ng) visualized by hybridization to nick-translated
recombinant plasmid containing FAW mtDNA insert.
(d) Pattern o f FAW mtDNA digested with Sail or XhoT on a 0.7% agarose gel run
at 50 volts for 2.5 hrs. lane 1: Xhol digestion of FAW mtDNA; lane 2: Sail digestion of
FAW mtDNA; lane 3: undigested FAW mtDNA; lane 4: lambda HindHI digestion.
Arrows with I, II, or III indicated three different bands showed on agarose gels.
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EM visualization o f FAW mtDNA

M orphologically, FAW mtDNA possessed three different form s, supercoiled closedcircular, closed-circular, and nicked-circular (Fig. 2).

Among 76 molecules examined

under lower m agnification, 55% were supercoiled, 32% were closed-circular, and 13% were
nicked-circular.

A few molecules were broken and it was unclear w hether they were

mtDNA or the internal plasmid, pUC19. These three forms might be related to the three
electrophoretic forms observed by agarose gel electrophoresis.

However, the various

percentages of the forms are influenced by the EM preparation that causes mechanical
changes in the original form (Evenson 1977). Concurring w ith this interpretation, we found
that the longer the DNA stayed in a cytochrome C m ixture drop before being picked up in
a grid, the more relaxed closed-circular molecules were found (Data is not shown).
The average size of FAW mtDNA determ ined by EM and the UTOPIA com puter
program (Apple com puter INC. 1981) was 15,340 ± 494 bp. This figure was theoretically
extrapolated by DNA length comparisons between 155 pUC19 reference molecules and 19
molecules o f mtDNA.

Size determination o f FAW mtDNA bv fragment mobility

A complete digestion of FAW mtDNA by the X bal restriction enzyme generated three
bands upon agarose gel electrophoresis. Since the mtDNA concentration was relatively low
(20 ng/ul) and small DNA fragments are difficult to visualize, the X bal fragments were 3’
end labelled with 32P (Fig.3).

Only the same three bands were visualized from

autoradiograms of agarose gels, and it verified that no small DNA fragm ents had been
overlooked.
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Fig. 2. Electron micrograph of purified FAW mtDNA.
All pictures with the same magnification (654,000 X).
(A). Supercoiled mtDNA, (B). closed-circular mtDNA, (C). Nicked-circular mtDNA
(n, nicked strand). Small circular molecules are plasmid pUC19 (sp, supercoiled pUC19),
2686bp in length.

This standard is used by the UTOPIA computer program for the

following mtDNA size calculation:
mtDNA == length o f mtDNA X 2686 / length o f pUC19.
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Fig.3. Agarose gel o f 3’end-labeling o f Xbal fragments from FAW mtDNA.

Lane 1 to 4 represents 1 to 4 aliquots collected from Sephadex G -50 column and separated
on a 20 cm long 0.7% agarose gel at 50 volts for 4 hrs.
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To determine the total size of the FAW mitochondrial genome, 14 different gels of
X bal digested mtDNA were run under somewhat different conditions. The average sizes
were as follows: the largest fragm ent was 8083 + 524bp (designated FA W -m tD N A -X bal8.1); the middle sized fragm ent was 6179 ± 430 bp (designated FA W -m tD N A -X baI-6.2):
and the smallest sized fragm ent was 1990 ± 140 bp (FAW -m tD NA -XbaI-2.0V Based on
these DNA fragm ent measurements across several gels, the mitochondrial genome size of
the FAW was determ ined to be 16,252 + 980 bp. This did not match the size estimated by
EM, but is probably the more accurate estimate, since it measures the entire population of
DNA molecules rather than a small number of individual molecules.

FAW mtDNA library

FAW mtDNA was first screened with 11 different six-base recognition restriction
enzymes that all contained unique cutting sites within the lacZ (beta-galactosidase) gene
m arker on the pUC19 vector. Among these enzymes, five (K pnI. Smal. BamHI. X m al. and
Sohl) did not cleave the mtDNA. Sail cut only once, PstI and AccI cut twice, HindTIl and
X bal generated three fragments and EcoRI four (partial data shown in Fig. 5 o f this Chapter
and in Fig.l in Chapter 2).
X bal fragments o f mtDNA were chosen for cloning because pUC19 cloning inserts
larger than 10 kb are not easily incorporated. One hundred and nineteen positive pUC19mtDNA clones (white colonies) were examined by small scale plasmid isolation following
Xbal digestion and gel electrophoresis. O f these recombinant plasmids, only one (0.8%)
contained an insert that co-m igrated with the FAW m tD N A -X baI-8.1 fragment.
plasmids (7.6%) contained the FAW -m tDNA-X baI-6.2 insert.

Nine

Forty plasmids (33.6%)

contained the FA W -m tD N A -X baI-2.0 insert. A subset o f total positive colonies (18.5%)
contained recombinant plasmids which had an approximate 1 K b insert (FAW -m tDNAX haI-1-2 and FA W -m tD N A -X bal- 1.Ot and 39.5% contained a 0.2-0.4 K b inserts (FAWm tD N A -XbaI-0.4. FAW -m tD NA -XbaI-0.3 and FA W -m tD N A -X baI-0.21. Also, I found
one recombinant plasmid which contained a 4.3 Kb insert (FA W -m tD N A -XbaI-4.3). To
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ascertain whether all inserted fragments contained the FAW mitochondrial genome,
recombinant DNAs were digested by Xbal and hybridized to nick-translated FAW mtDNA
(Fig. 4).
The FAW mtDNA probe hybridized as expected with three inserts which co-migrated
with the three bands of Xbal digested FAW mtDNA (compare Fig. 4a,lane 11 with 4b, lane
11 ). pUC19 DNA did not hybridize with bands other than itself (Fig. c lane 2-11) except
fragments o f pBR322, and mtDNA did not hybridize with pUC19 (Fig. 4a lane 11 and 4b
lane 2-11). The probe hybridization also indicated that the recombinant plasmids inserted
by FAW -mtDNA-X bal- 1.0 (lane 6) and FAW -mtDNA-XbaI-0.3 fragment (lane 8)
contained sequences homologous to FAW mtDNA. However, these two fragments did not
show up in previous studies with purified mtDNA even after end labelling experiments
(Fig.3). In aother hybridization study, FAW -mtDNA-XbaT-4.3 was also shown to hybridize
with the FAW mtDNA probe ( data not shown). The origin of these recombinant plasmids
is discussed later.
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Fig.4. H ybridization of the recombinant plasmids digested by Xbal probe with niclctranslated FAW mtDNA and pUC19.

(a) DNA stained with ethidium bromide and visualized under UV light.
(b) Hybridization o f transferred DNAs with nick-translated FAW mtDNA.
(c) Hybridization of transferred DNAs to nick-translated pUC19.
Samples were run on a 20 cm long 0.7% agarose gel at 50 V overnight. Samples in numbered
lanes are: I. lambda HindTII digest (300 ng); 2. pU C19-FA W -m tD N A -X baI-8.1 digested by
X bal (220 ng); 3. pU C19-FA W -m tD N A -XbaT-6.2 digested by Xbal (332 ng); 4. pUC19FA W -m tD N A -X baI-2.0 digested bv Xbal (300 ng); 5. recombinant plasmid pUC19-FAW m tD N A -X bal- 1.2 (984 ng); 6. recombinant plasmid pU C 19-FA W -m tD N A -XbaI- 1.0 (819
ng); 7. recombinant plasmid pU C19-FA W -m tD N A -X baI-0.4 (1144 ng); 8. recombinant
plasmid pU C 19-FA W -m tD N A -X baI-0.3 (1574 ng); 9. recombinant plasmid pUC19-FAW m tP N A -XbaI-0.2 (1092 ng); 10. pBR322 digested with BstNI (1027 ng); 11. FAW mtDNA
and pUC19 digested with X bal (389 ng); 12. 1 K b ladder (1315 ng).
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Restriction endonuclease mapping

Restriction endonuclease mapping was perform ed on both purified entire FAW mtDNA
and in greater detail on the three Xbal cloned fragments. By establishing the positions of
several restriction sites in the entire mtDNA, it was possible to arrange the three cloned
fragments relative to each other. Through a series o f single and double digestions (Fig.5),
the positions of 4 restriction enzymes were mapped (Fig.6). Table 1 summarized the sizes
o f the DNA fragments produced by digestions shown in Fig. 5. The strategy of mapping
by double digestions was as follows. Because Sail and Xhol both cleave the mtDNA at a
single DNA site, a double digestion that produces two bands (12.60 and 4.68 K b) indicates
that their positions are separated by 4.68 K b (Table 1). PstI cleaves the DNA in 2 locations
and by including it in a double digestion with Sail, their relative positions can be
established. This is repeated for additional sets of enzymes to obtain the detailed map of
relative positions of Sail. X hol. PstI and Xbal DNA sites.
Tw enty-nine enzymes were used to generate a more detailed map utilizing the three
cloned mtDNA fragments. Four steps were used in this mapping. The recombinant plasmid
was first surveyed for enzymes that cut the vector once. Based on this inform ation, two
enzymes were chosen that did not cut the insert but cut either left or right o f the insert
border within the vector, respectively. Thus two sets of linearized plasmids were prepared
for each o f the recombinant plasmids with these two enzymes. Next, the recombinant
closed-circular plasmid and two sets of linearlized recombinant plasmids were digested with
enzymes to locate their cutting site(s) on the insert. Double and triple enzyme digestions
were conducted when two or more cutting sites occurred on one insert. Finally, 14 enzymes
which did not cut pUC19 were used to digest the target recombinant plasmid, separately.
The restriction maps of three cloned fragments are presented in Fig.7. Appendix I lists all
enzymes used in mapping the mtDNA, fragm ent numbers generated, and cutting sites
detected and determined.

Appendix II lists all data used to determine cutting sites.

Appendix III lists enzymes that did not cut inserts.
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Fig.5. Restriction enzyme map of entire FAW mtDNA resolved by 0.8% agarose gel
electrophoresis.

(a ) DNA in the numbered lanes: (1) lambda DNA HindlTI digest; (2) entire mtDNA
(200 ng); (3) mtDNA Sail digest (141 ng); (4) mtDNA Xhol digest (141 ng); (5) mtDNA
XhoT/Sall digest (178 ng); (6) mtDNA PstI digest (178 ng); (7) mtDNA Pstl/Sall digest
(178); (8) mtDNA Pstl/X hol digest (178 ng); (9) mtDNA Xbal digest (178 ng); (10) mtDNA
X bal/X hol digest (178 ng); (11) mtDNA Xbal/Sall digest (178 ng); (12) lambda DNA
E coR l/H indlll digest; (13) 1 K b ladder.
(b) Lane 5 on (a) repeated for better visualization, lane 1: lambda HindTII digest;
land 2: mtDNA Xhol/Sall digest.
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Fig. 6. Physical restriction enzyme map of the FAW mtDNA. Restriction endonuclease
cleavage sites were deduced from data presented in Fig. 5 and Table 1. Each relative
cleavage site on the circular molecule is based on the conversion of fragment length (bp) to
arc degree.

Since I assume the mtDNA is 16,252 bp, each arc degree represents

(16,252/360)== 45 bp, approximately.The comparisons among digestion patterns by Pstl.
Pstl/Sail. and Pstl/X hol indicate that the Sail and Xhol sites are located in the bigger
fragment (12.8 Kb) of the Pstl digestion, but the Sail site is closer to one o f two Pstl sites
than Xhol site. The distance between Sail and one site of Pstl is about 1.5 Kb. The Xhol
site is about 4.68 Kb apart from Sail on the larger Pstl fragment. The comparisons among
digestion patterns by Xbal. XbaT/Sall. and X bal/X hol indicate that the Sail site is located
on the middle size of the Xbal digested mtDNA, whereas the Xhol site is located on the
largest fragment of the Xhol digested mtDNA. Thus, the relationship among these seven
sites generated by 4 different enzymes has been established.

FAW mtDNA
16.3 Kb

CO
VO
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Table I, Sequential design of the enzyme digestion and the fragment sizes of the S.
frueinerda mtDNA generated by certain enzymes.

Enzymes

Fraament size (Kb)

Sail

16.50

Xhol

16.50

Sall/Xhol

12.60, 4.68

Pstl

12.80, 4.03

Pstl/Sall

11.30, 4.03, 1.50

Pstl/Xhol

7.20,

5.84, 4.03

Xbal

8.40,

6.60, 2.04

Xbal/Sall

8.40,

5.10, 2.04, 1.12

Xbal/Xhol

6.60,

3,98, 3,80, 2.04
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Fig. 7. Restriction enzyme maps of three FAW mtDNA fragments cloned into pUC19.
From top to bottom: FAW-mtDNA-XbaI-2.0. FAW-mtDNA-XbaI-6.2. FAW-mtDNAXbaI-8.1. The thin bar represents inserted fragment and the thick bar is part of pUC19.
Nine unique cutting sites and their locations on the vector were indicated.
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DISCUSSION

DNA from CsCI-ethidium bromide gradient purifications o f mtDNA from FAW
exhibited multiple bands on agarose electrophoresis gel. All the bands produced from a
single ultracentrifugation were mtDNA since they hydridized to a FAW mtDNA probe and
resulted in a single linear band at approximately 16 K b with X hol or Sail endonucleases.
It is generally accepted that closed-circular supercoiled DNA molecules, such as plasmids
and organellar DNA, migrate faster than their linear counterparts (Ausubel et al. 1987). For
example, in the case o f polyoma viral DNA, the fastest moving band is the supercoiled
form , followed by nicked DNA, and then linearized DNA (Thorne, 1967). But, according
to Singh et al. (1985), linearized mtDNA from mouse liver or HeLa cells migrates faster than
relaxed circle mtDNA. We observed that the electrophoretic patterns o f purified pUC19
plasmid DNA contain five bands (data not shown), four o f which run slower than the
supercoiled m ajor band. And they also run slower than an enzyme linearized counterpart.
EM size analysis o f pUC19 consisted o f m ono-, d i-, tri-, and tetram ers o f molecules that
could be the counterparts o f the other bands on the gels.

Likewise, the two slower

m igrating bands in FAW mtDNA detected by agarose electrophoresis might be multimers
of FAW mtDNA.
molecules.

However, we did not observe by EM dim eric or trim eric mtDNA

These results suggest that supercoiled and closed-circular molecules o f the

mtDNA might be migrating, unlike small DNA plasmid, slower than the nicked circular
DNA form.
Animal mtDNA has several conserved features, including genomic content and a
small size, ranging from 14.5 to 19.5 K b (Clary et al.1985)

Recently, several larger

mtDNAs have been reported. An obligate nematode parasite, Romanomermis culicivorax.
contained mtDNA of 25-32 K b (Beck et al. 1988). The mtDNA o f a deep-sea scallop,
Placooecten macellanicus. is 34 K b (Snyder et al. 1987).

An early study by Brown et

al.( 1979) sizing human mtDNA using EM indicated a size o f 16,500 + 300 bp. This was
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nearly identical to the size determined later by sequencing (16,569 bp) (Anderson et al.
1981). MtDNA from FAW was 16,253+980 bp by the measurement of fragment migration
on gels.
The measurement of FAW mtDNA by EM was 1 Kb less (15,340 + 494 bp). This
range of error is comparable to that of scallop mtDNA by EM and fragment movement
(Synder et al. 1987). A 1 Kb difference might be caused by experimental conditions such
as shrinkage due to dehydration condition used at the time of measurements (Evenson, 1977)
or even to errors in data entry and using of UTOPIA computer program. Nevertheless,
these data are consistent with insect mtDNA sizes reported so far (Fauron et al. 1980). The
precise size of FAW mtDNA will not be known until the DNA molecule is sequenced. In
later research, I have sequenced two fragments of the cloned mtDNA. An insert originally
estimated to be 0.3 Kb was eventually determined to be 232 bp.

Likewise, a 2.0 Kb

fragment was actually 2019 bp. Thus, my fragment estimates from agarose gels are fairly
accurate.
Hybridization data indicated that two extra FAW Xba! fragments were cloned into
pUC19 which contain about 1.0 and 0.3 Kb inserts, respectively. These fragments might
imply mtDNA heterogeneity in FAW, caused by strain differences (Pashley 1986, 1989),
variability of mtDNA within strains, or an artifact of cloning. If our sample contained a
small percentage of polymorphism in Xbal sites, these small pieces could have been
incorporated into a clone.

However, Pashley (1989) also reported only three Xbal

fragments. If the extra clones are polymorphisms, they are uncommon in FAW. These two
extra fragments could represent parts of one o f the three Xbal fragments.

Later

experiments (data presented in chapter II) indicated an FAW -m tPNA-EcoRI- 1.32 fragment,
which contains part of the FAW-mtDNA-XbaI-2.0 fragment, also contained a sequence
homologous with the FAW -mt-XbaI-0.3 fragment. Another possibility is that mutations
in the inserted mtDNA fragment might occur when the transformed bacteria was cultured.
Circumstantial evidence supporting this comes from the fact that several cleavage sites were
lost from our mtDNA clones (Sail), and several new ones created (one K onl and Smal. two
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BamHI and H indlll). DNA sequencing of these fragments will aid in the understanding of
results presented here.
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CHAPTER II
Characterization of a 232bp Clone
of Fail Armyworm MtDNA : Sequence Homology
with the MtDNA URFI Gene from O ther Species
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ABSTRACT

D N A /D NA hybridization o f X baI-0.3K b and X ba!-2.0K b fragm ents with probe
DNAs of EcoR I-0.78K b and EcoRI- 1.32Kb from FAW mtDNA clones has indicated that
the XbaI-0.3K.b DNA fragm ent is located most likely within the X baI-6.2 fragm ent nearest
to the X baI-2.0K b fragm ent. The source o f this clone is best explained by a low level o f
heterogeneity w ithin FAW.

DNA sequencing of X baI-0.3K b dem onstrated that this

fragm ent contained a 232bp sequence which is 79.2%, 78.4%, and 73.6% similar to mtDNA
fragm ents from Drosophila vakuba. D. melanoeaster. and Locusta m igratoria. respectively.
In these species, these regions code fo r part o f a mitochondrial unidentified open reading
fram e, URF1. This finding confirm s that the X bal-0.3K b fragm ent is part o f the FAW
m itochondrial genome.
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INTRODUCTION

In the construction of a mtDNA library of fall armyworm (FAW; Spodoptera
frugiperdal. three Xbal fragments of FAW mtDNA were cloned into the pUC19 plasmid
vector. In addition, I had obtained five other recombinant plasmids, two of which were
indicated to contain FAW mtDNA. One of them, designated as FAW -mtDNA-XbaI-0.3.
contained a 0.3Kb fragment (see Chapter I).
To determine whether the XbaI-0.3 DNA fragment was a part of the FAW mtDNA,
cross hybridizations (Stern & Palmer, 1986) were first used to locate relative position in the
FAW mtDNA map. Two (of four possible) EcoRI fragments of FAW mtDNA were cloned
and then used as DNA probes to further detect homologous sequences and to locate the
relevant position of XbaI-0.3.
This XbaI-0.3 DNA fragment was sequenced and data were compared to the DNA
sequences contained in the databases of GenBank, GenEMBL, VecBase, and NBRF nucleic
within the UWGCG package (Devereux 1984). Here we report that the XbaI-0.3 fragment
contains a 232bp sequence that has a high degree o f similarity with sequences of mtDNAs
from Drosophila vakuba (Clary & Wolstenholme, 1985), D. melanoeaster (Garesse 1988),
Locusta migratoria (McCracken et al. 1987), and four other non-insect species.

MATERIALS AND METHODS

FAW mtDNA and EcoRI fragment cloning

FAW mtDNA was isolated as previously described (Chapter 1). The mtDNA was
completely digested with EcoRI and inserted into the EcoRI site of pUC19. All cloning
procedures were the same as described previously (Chapter 1).
recombinant plasmids as EcoRI-0.78 and EcoRI- 1.32.
DNA/DNA hybridization

We designated two
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For preparation o f DNA probes, 4-6ug EcoRI-0.78 or EcoRI- 1.32 recom binant
plasmids were excised completely by EcoRI. The 0.78Kb or 1.32Kb fragm ent separated by
0.7% agarose gel was electroeluted and precipitated according to method of Maniatis et al.
(1982). The DNA pellet was dissolved into a total volume o f 15ul T E (pH 8.0). Techniques
for nick-translation, Southern blotting, and D N A /D N A hybridization were perform ed as
in Ausubel et al.(1987) and the previous chapter.

Double stranded DNA sequencing
C sC l/ethidium brom ide (E tB r)-purif ied and alkali-denatured X baI-0.3 recombinant
plasmid was used as a template (H attori & Sakaki 1986; Zhang et al. 1988) for dideoxychain term ination sequencing (Sanger et al. 1977).

With deoxyadenosine 5’[aIpha-thio]

triphosphate, t35]S, (1320 Ci/m M ; New England Nuclear) and pU C /M 13 universal 17-base
forw ard prim er, sequence reactions were perform ed according to the Sequenase kit version
2.0 manual (U nited State Biochemical Corporation, 1989; Tobor & Richardson 1987).
Precise sequencing methods are given in Appendix IV and V.
A com puter program called FASTA, developed by Pearson and Lipman (1988) and
m odified in the UWGCG version 6.1 package (Devereux, 1984) was used. This program
allows the comparison o f a query sequence to 28,968 compiled DNA sequences (totaling
35,332,822bp) in the com puter gene banks. As a result, the 40 best matched sequences
could be determ ined and examined.
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RESULTS

Relationships between EcoRI fraements and Xbal fragments o f the FAW mtDNA
EcoRI cleaves FAW mtDNA into four fragments.

These fo u r fragments are

approximately 9.0, 6.0, 1.32, and 0.78Kb in length (Fig. 1). In an effo rt to am plify these
fragments by cloning, 50 am picillin-resistant positive and alpha-com plem entation negative
bacterial colonies were screened by small scale plasmid preparations for the corresponding
size o f the inserts. Among those colonies, 54% contained recom binant plasmids which had
the 1.32Kb insert and 28% contained plasmid having the 0.78Kb insert. Fragments 9.0Kb
and 6.0Kb were not inserted in the vector, because they are probably too large to be carried
in pUC19.
Among ten recombinant plasmids surveyed, only the X baI-2.0 fragm ent hybridized
with the DNA probe o f EcoRI-0.78K b fragment (Fig. 2). According to the FAW mtDNA
restriction map (see Fig. 7 in the first chapter), insert X baI-2.0 contained two EcoRI sites.
When this recombinant plasmid was completely digested bv EcoRI. three fragments (3290bp,
770bp, and 730bp, see Appendix II) should have been generated. However, one fragm ent,
containing part o f the multicloning sequence, co-m igrated with another fragm ent which is
between two EcoRI cutting sites in the insert. As a result, only two fragments could be
resolved in a 0.7% agarose gel. When this gel was transferred to nitrocellulose paper and
subjected to hybridization with the 0.78Kb fragm ent probe, only the smaller fragm ent was
detected (Fig.3). Since this small fragm ent co-migrated with the probe fragm ent itself, we
concluded that the EcoRI-0.78K b fragm ent is identical to the middle part of the X baI-2.0
insert, between the two EcoRI sites. No sequence homology was detected between the
X baI-0.3 fragm ent and the EcoRI-0.78K b probe.
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Fig.l FAW mtDNA EcoRI digestion and ligation with EcoRI-digested pUC19.

Lane 1. 1Kb ladder standard DNA; lane 2. ligated circular DNA molecules; lane 3.
EcoRI-digested pUC19; lane 4. FAW mtDNA and pUC19 digested by EcoRI: 5. Lambda
DNA Hindlll standard.
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Fig. 2. Southern blot analysis of ten recombinant plasmids hybridized with nick translated
EcoRI-0.78 fragment.

A. All plasmids in labeled lanes are digested by Xbal except where indicated: 1. 1
Kb ladder; 2. EcoRI-0.78 digested by EcoRI: 3.EcoRf-1.32 digested by EcoRI: 4. Xbal0.2; 5. XbaI-0.3: 6. XbaI-0.4: 7. Xbal- 1.0: 8. Xbal- 1.2: 9. XbaI-6.2 digested by EcoRI: 10.
X baI-2.0: 11. XbaI-6.2: 12. XbaI-8.1: 13. lambda DNA EcoRT- Hindlll digestion.
B. Hybridization of transferred DNAs with nick-translated EcoRI-0.78 fragment.
Only 2 and 10 hybridized, which indicated that the EcoRI-0.78 fragment is part of the
XbaI-2.0 fragment.
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However, the XbaI-0.3 fragment was detected by the EcoRI- 1.32 fragm ent probe,
which also hybridized with the X baI-2.0 fragment (Fig. 4). As expected, the EcoRI- 1.32
fragment only hybridized with left end (the end close to the H indlll site o f the vector) of
the X baI-2.0.

This prediction was demonstrated by Southern hybridization o f EcoRI-

digested fragments o f the plasmid XbaI-2.0 with probe o f the EcoRI- 1.32 fragm ent (Fig.
5). The FAW mtDNA map (Fig.7 in Chapter 1) shows that the fragm ent between X bal and
EcoRI on the left side in the X baI-2.0 insert contains only about a 800bp fragm ent which
is shorter than the EcoRI- 1.32 fragment. Also, X baI-2.0 did not hybridize with the X bal0.3 insert (data not shown). Therefore the X baI-0.3 insert is a short fragment o f FAW
mtDNA which follows the XbaI-2.0 insert and is probaboly located in the XbaI-6.2K.b
fragment according to Fig. 7 (Chapter I).

DNA sequencing and analysis o f the X baI-0.3 insert

Sequence data indicated that the XbaI-0.3 was a 232bp fragm ent. Among the 40
best matched sequences with different species, 19 sequences were from mtDNA. Seven
alignments with the highest percent similarity are summarized in Table 1. These were
identified as part of the gene coding for U RFI (unidentified open reading fram e I) or N D I (subunit I of NADH-CoQ reductase). The 232bp fragm ent o f FAW mtDNA was most
similar to the corresponding part of D. vakuba mtDNA (79.2% similar, Table 1).
Substitution differences between these two fragments included 11 transitions and 37
transversions. One more transition and transversion was observed when the 232bp sequence
was aligned with the corresponding part of mtDNA from D. melanoeaster (Table I). The
sequence alignment between the 232bp fragment and a fragm ent from Locusta mieratoria
mtDNA showed 73.6% identity with 20 transitions and 41 transversions. Also, one base gap
was observed in all three insect species compared. The three most similar species were
aligned with FAW (Fig. 7).
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Fig 3. Southern blot analysis of six recom binant plasmids hybridized with the EcoRI-0.78
fragm ent probe.

A. EcoRI-digested samples were run on a 0.7% agarose gel. 1. 1Kb ladder; 2. EcoRI0.78; 3.EcoRI- 1.32: 4. X bal-0.3: 5. XbaI-2.0: 6. X baI-6.2: 7.XbaT-8.1: 8. lambda DNA
H indlll and EcoRI digestion.
B. Hybridization of probe 0.78 fragm ent with Southern blotted DNAs.
Only lane 2 and 5 hybridized. This experim ent narrowed fragm ent range o f the XbaI-2.0
which was hybridized by EcoRI-0.78 fragment. In addition, it was further indicated that
no relationship existed between EcoRI-0.78 and other fragments.

O'
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Fig. 4. Hybridization of recombinant plasmid DNAs to nick-translated EcoRI- 1.32
fragm ent probe.

A. Samples in lane 2, 3, and 9 were digested by EcoRI. but those in lane 4-8 and 1012 were digested bv Xbal. 1. 1Kb ladder standard: 2. EcoRI-0.78: 3. EcoRI- 1.32: 4. X bal0.2; 5. XbaI-0.3: 6. XbaI-0.4: 7. X bal- 1.0: 8. X bal- 1.2: 9 and 11. XbaI-6.2: 10. XbaI-2.0:
12. XbaI-8.1. 13. lambda DNA HindTII and EcoRI digestion.
B. Hybridization of the probe with Southern blotted DNAs. lane 3, 5, and 10 were
hybridized which means that EcoR-1.32 bridges XbaI-0.3 and XbaI-2.0.
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Fig. 5. Southern blot analysis of recombinant plasmid with probe EcoRI-1 .3 2 fragment.

A. lane 1: 1 K b ladder standard; lane 2: EcoRI-0.78 digested by EcoRI: lane 3:
EcoRI-1.32 digested bv EcoRT: lane 4: XbaI-0.3 digested bv Xbal: lane 5: XbaT-0.3 digested
by EcoRI: lane 6: XbaT-2.0 digested by EcoRI (The larger fragment includes 3’ end of the
insert and major part of pUC19);
B. result of hybridization: lane 3, 4, 5, and 6 were hybridized.
Lane 6 further demonstrated that EcoRI- 1.32 only hybridized with left end of the X bal2.0 fragment.
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Fig 6. DNA sequence of the XbaI-0.3 fragm ent from FAW mtDNA.

The bottom strand is a synthesized sequence. The short sequence with the horizontal
line is the 3’-end of the 17bp universal forward primer. The multicloning sites on the
vector pUC19 were also sequenced, indicating that this extra clone was generated also by
insertion of a fragm ent at the X bal sites.
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Table I. Comparison of DMA sequence similarity between the FAU mtDNA
Xbal-0.5 fragment and frapants of atDNAs froa seven other species.

Locus

S ta rt1

EncT O verlap3

FAU X bal-0.3
1
Drymtcg
11980

231
12209

230

FAU X bal-0.3
1
Nidmtrn
6697

231
6920

229

1
513

232
743

232

FAU X bal-0.3
45
Xelmtcg
5317

225
5496

181

FAU X bal-0.3
2
Musmt
3208

225
3433

227

1
533

226
758

231

FAU X bal-0.3
1
Yssmtarsx
1056

226
1278

229

FAU X bal-0.3
Lmimtndl

FAU X bal-0.3
Asnmturf

I d e n tity X Gap TS4
79.2

0
1

11

0
1

12

0
1

20

0
1

24

59 .0

3
1

33

61.5

5
5

24

3
5

15

7 8.3

7 3 .6
6 4 .6

6 4.2

TV3 Gene
37
URF1
38
ND-I
41
HD-1
37
URFI
49
p r o te in 1
55
URFI
58
ND-1

N otes;
Locus : sta n d ard name of DNA sequence by GenEHBL except FAW Xbal0 .3 .
Drymtcg: D rosophila vakuba atDNA com plete genome (C la ry e t a l.1 9 8 5 );
M idntrn: D. m elanooaster m ito ch o n d rial RNA (G aresse
1988);
Lmimtndl: Locusta m ig ra to ria mtDNA ND-1 (McCracken e t a l . 1987);
Xelmtcg: Xenopus la e v is mtDNA com plete genome (Roe e t a l . 1985);
Musmt: Mouse mtDNA (Bibb e t a l . 1981);
Asnmturf: A sp e rg illu s n id u lan s m ito ch o n d rial URF (Brown e t a l . 1983);
Y ssm tarsx:
Cephalosporium aeremoniun m ito ch o n d rial
r e p li c a t io n sequence (Penatva e t a l . 1986);

autom atic

S t a r t 1 and End^: range of a lig n e d sequence from s t a r t i n g b ase number
to end b ase number.
O verlap and id e n tity X ; p ercen tag e of n u c le o tid e matched between two
sequences.
TS_: numbers of base tr a n s i tio n s between two sequences.
T V : nunbers of base tra n s v e rs io n s between two sequences.
Gap: th e empty space on one sequence w ith no n u c le o tid e to match with
an o th e r sequence.
Gene: gene encoded by th e compared s p e c ie s .
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Fig. 7. Comparison of the 232bp sequence of FAW mtDNA with
a fragment of mtDNA sequence from D. vakuba. D. melanoqaster.
and Locusta mjqratoria
FAW
yakuba
melanoa
locust

1

CTAGAATATT CAGCTAAAAA AAATTAAAGC AAAGCCCCCT
T. .
. . . . C. . . . . .T . .
. . . A« . A. . .
. . . c . c . . . . . . . . . . . T . . • • • • • • • • • • . . . A. . . . . .

FAW
vakuba
melanoa
locust

41

CTTCTATACT CAATATTAAA CCCTGAAACT AATTCTCTTT
....................T . • T . C ............... T . . . . . . . . .
...............GA. .
. . . . . . . . . T • T . C ............... 7 . . . . . . . . .
» » » * . * GA. .
G .......................

FAW
vakuba
melanoa
locust

81

CTCCTTCAGC AAAATCAAAA GGAGTTCGAT TAGTTTCAGC
. A ....................

FAW
yakuba
melanoa
locust

121

TAATCTTGAT
____ GAAAT.
. . . . GAAATA
. . . AGAA. . A

ATAATCTTAA
C . . . A . . . .T
C . . . A G C ..T
. . . » AGO. . .

AGGAAATATT
» . » » . « . » AA
. . . . . . . . AA
. » • G • . AGAA

FAW
yakuba
melanoa
locust

161

AAAATAATAA ATCAAACATA ATTTTGATAA
. T . . . T . A . . . . . . T . T . . . »A . . . . G . . .
. T . . . T . A . . . . . . T . T . . . »A C . . . . . . .
T A A .. . . A . .
____ C .............

ACAAAAAATA
T A .............. AT
. A ...............AT
T T C . T . . . AT

FAW
vakuba
melanoa
locust

201

TTATTAAATT
AA.. . . T . ..
AA. . . . T . . .
AA• G C. T . . •

CTTATTCAAC
G. . . A . . . . A
GA..C....A
. CA. AAA. . G

AAAATCTATA ATTATAACAA TT
. T . . CTCCC. . . . . A . »A » » . A
. T . . C T . C C . . . . . A . . A ■. . A
. . . . CTACC.

Gaps are indicated by dashes. Residues homologous with those
of FAW are indicated by dots.
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DISCUSSION

DNA/DNA hybridization, DNA sequencing, and interspecific comparisons of
homologous sequences have demonstrated that an extra clone, FA W -m tD N A -XbaI-0.3. is
part of the FAW mtDNA genome and contains a portion of the U R FI gene. In the first
chapter, I proposed that the two extra clones could be mutations caused by looping out in
the inserted mtDNA fragments. If this was the case between X bal-0.3 and XbaI-2.0. the
232bp sequence should have been located in XbaI-2.0. This was not the case, as evidenced
by computer searches for homology between the two (shown later in Chapter III). The most
likely explanation for this small piece is a small amount of heterogeneity in the pooled FAW
that served as the starting material for purification of mtDNA. For example, if a single
individual FAW had an extra Xbal restriction site located in the 6.2 fragm ent, a small
(0.3Kb) and large fragment could result. Because of their rarity, in relation to the 30 or
more other adults in the pool, they might not be detected on an EtBr stained agarose gel or
even by end-labeling. Furthermore, because the insertion o f DNA into vectors is biased in
favor o f small DNA fragment, the 0.3 fragment would have a high probability o f insertion.
Further surveys o f individual variation in Xbal restriction sites are required to substantiate
this hypothesis.
By using the EcoRI clones it was possible to determine whether the 232bp fragment
was part o f fragment 6.2Kb or 8.1Kb. From the restriction site map (Chapter I), it was
clear that EcoRI- 1.32 occurred in both XbaI-2.0 and X baI-6.2. If the 0.3 clone hybridized
to the EcoRI- 1.32 but not to X baI-2.0. this would strongly suggest that the X bal-0.3 clone
was located in the 6.2 fragment very near to the 2.0 fragment.
My results indicated that the X bal-0.3 clone hybridized to the EcoRI- 1.32 fragment.
Thus it is very likely that the X bal-0.3 fragment is located in the 6.2 fragment adjacent to
the 2.0 fragment Although the E co R I-1.32 fragm ent hybridized to the XbaI-2.0 it did not
hybridize with XbaI-6.2 (Fig. 4). This was unexpected. Sequencing o f the EcoRI- 1.32
fragm ent and/or using the X bal-0.3 recombinant plasmid as a probe to detect any
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homologous sequences in the X baI-6.2 or X baI-8.1 fragm ents would be helpful to further
understand the relationship between the 232bp fragm ent and remaining parts o f the FAW
mtDNA.
Finally, sequence comparisons indicated that the 232bp fragm ent is part o f the
U R FI gene. This portion of the U R FI gene is highly conserved in mitochondrial genomes
from a wide variety of species (Table 1). Based on sim ilarity values of aligned sequences,
the FAW gene is most similar to Drosophila species, followed by Locusta. As expected,
other non-insect comparisons (e.g. frogs, mice, etc.) exhibited lower sim ilarity values.
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CHAPTER III
Subcloning, Sequence Characterization, and Gene
Identification of a 2 Kb Fragment
from Fall Army worm Mitochondrial DNA
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ABSTRACT

A 2.0kb fragment of fall armyworm (FAW) mtDNA, inserted into the Xbal site of the
vector pUC19 was subcloned, sequenced, and analyzed to elucidate its possible function in
the organelle. The fragment was 2019bp in length. It contained 83.7% A and T nucleotides,
123 pairs o f short direct repeats, 28 pairs of inverted repeats, and 15 overlapping open
reading frames. The fragm ent contains the large rRNA gene (16S) and a major part o f the
U R FI gene. A clover leaf tR N A -like sequence occurs between them. The two genes were
75.7% and 82.3% similar to corresponding genes in D. vakuba. By comparing the large
rRNA gene with the same gene from seven different species, seven base conservation
regions, ranging from 17bp to 45bp, were discovered.
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INTRODUCTION

Comparative studies of mtDNA sequence and gene organization are of interest for
several reasons. First, the molecular biology of the organelle genome can be elucidated.
Second, homologous regions can be compared among species to infer phylogenetic
relationships between taxa and many hierarchical levels (Jacobs et al. 1988). Third, sequence
data can offer detailed information about the dynamic relationships between mtDNA and
nuclear DNA. Fourth, mtDNA sequence data can be a useful marker in population genetics
studies (Moritz et al. 1987) or a diagnostic tool for diseases, such as rat hepatomas (Corral
et al. 1989) and human myopathy (Holt et al. 1989).
Traditionally, a functional gene was identified by labeled RN A /D N A hybridization
or so called transcriptional analysis (Leon et al. 1989), tRNA or rRNA sequencing, followed
by DNA sequence analysis (Ausubel et al. 1987; Joyce et al. 1989) and amino acid
sequencing (Anderson et al. 1981). However, with the large data sets generated by DNA
sequences (Staden, 1986; Taylor, 1986; Marvel 1986; Pearson et al. 1988), the use o f
computers has become an undisputed prerequisite for the analysis of nucleotide sequences
(Blanz et al. 1988). Recently, sequence similarity between species determined by the use
of Gene banks has been used widely as a powerful method to identify and confirm genes
from stretches o f unknown DNA sequences (Crozier et al. 1989; Nugent et al. 1989; Wintz
et al. 1989). In the case o f sea urchin mtDNA (Jacobs et al.1988), "structural genes were
identified on the basis o f homologies at the nucleotide an d /o r amino acid level with
corresponding Drosophila and vertebrate genes, or the ability of the sequence to generate
a tR N A -like structure with a characteristic anticodon loop." Gene arrangem ent and gene
identification in mtDNA of Drosophila vakuba were determ ined by comparing the sequence
with mouse mtDNA sequences (Bibb et al. 1981) and mosquito sequences (HsuChen et al.
1984, Clary & Wolstenholme, 1985), etc.
Because I am interested in the molecular bases o f gene regulation and evolution of
the mitochondrial genome, I developed a system for sequencing and gene identification of
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cloned FAW mtDNA. In the first chapter, I reported the construction of a genomic library
of FAW mtDNA.

Three fragments, generated by Xbal-dieested FAW mtDNA, were

inserted into plasmid pUC19. They are referred to as 8.1Kb, 6.2Kb, and 2.0Kb clones.
Two extra clones (0.3Kb and 1.0Kb) that hybridized to FAW mtDNA probe were also
generated. In Chapter II, I demonstrated that one of the extra clones (0.3Kb insert), was
part of the mtDNA genome, even though the mechanism of obtaining this clone has not
been definitively determined. The 2.0Kb fragment of FAW mtDNA was sequenced and
here I report the general features and genes encoded by the fragment.

MATERIALS AND METHODS

ExoIII/ Mung bean nuclease deletion
A recombinant plasmid, FAW-mtDNA-XbaI-2.0. constructed and isolated in 1988,
was used as a target plasmid to create subclones for DNA sequencing.

Deletion was

performed using an ExoIII/Mung bean nuclease kit manufactured by Stratagene. Since the
deletion rate of the ExoIII was 230 bp/min at 30°C (Stratagene’s protocol), and an average
read on a 40 cm long 6% denatured PAGE DNA sequencing gel was about 250-300bp, an
eight minute timepoint deletion was done for the XbaI-2.0 insert. The manufacture’s
protocol was modified to fit my system.
Sixty micrograms o f the recombinant plasmid was completely digested by the
restriction endonuclease SstI, which is an isoschizomer of SacI (see Fig. I), to create a
linearized double stranded plasmid with 3’ overhangs. A fter phenol/chloroform extraction,
back-extraction, and EtOH precipitation (Maniatis et al. 1982), the dried DNA was dissolved
in 400ul of TE (pH 8.0). This was further digested by BamHI which created a 5’ overhang
of the Sstl-linearized plasmid by cutting 19 bases out of the multicloning sequence. Before
the plasmid with 3’ and 5’ overhang was subjected to the exonuclease III (ExoIII)
degradation (Wu et al. 1976; Rogers et al. 1980; Henikoff, 1984), it was EtOH precipitated,
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washed, dried (Maniatis et al. 1982), and dissolved in 72ul o f TE (pH 8.0).
An eppendorf tube with the above 72ul of linearized plasmid DNA (ca. 40ug) was
placed in an ethanol (EtOH)-ice bucket (at about -20°C). Then, lOOul of 2X ExoIII buffer
(lOOmM Tris-Cl, pH 8.0, lOmM MgCl2, 20ug/ml tRNA), 20ul of freshly prepared betamercaptolethanol (lOOmM), and 8ul of ExoIII (100 unit/ul) were pipetted into the tube.
This tube, totaling 200ul of reaction volume, was quickly mixed and spun down, and
incubated in a 30°C water bath. After each minute, 25ul of the reaction solution was
pipetted into the bottom of another eppendorf tube where 175 ul of water-diluted 10X
Mung bean buffer (300mM NaAc, pH 5.0, 500mM NaCl, lOmM ZnCl2, and 50% glycerol)
in -20°C had been placed. This deletion-stopped sample was kept in the EtOH-ice bucket
until the eighth timepoint sample was processed. These eight deletion-stopped samples were
incubated at 68°C for 15 min. Then placed back in the bucket.
To excise single-stranded overhangs, 15ul of diluted mung bean nuclease
(Laskowski, 1980) (126 units of mung bean nuclease in 1.2ul was diluted by adding 120ul
of mung bean dilution buffer [10 mM NaAc pH 5.0, 0.1 mM ZnAc, ImM cysteine, 0.1%
triton X-100, 50% glycerol]) was added to each deleted sample, incubated for 30 min. at
30°C. The incubation resulted in 215ul of eight sets of blunt-ended DNA. Five microliters
from each set was saved (at 4°C) as a check for the nest deletion. The rest of the DNA
sample was extracted by adding 4ul of 20% SDS, lOul of 1M Tris-HCl pH9.5, 20ul of 8M
LiCl, 250ul of 1:1 phenol/chloroform. Back extraction was applied by adding 160ul of
ddH20 . DNA precipitation by EtOH was as described in Maniatis et al.(1982) except 1.1 ul
of 4.1ug/ul tRNA was added with NaAc. Fifteen microliters of TE was added to dissolve
each of the dried DNA (approx. conc.== 333ng/ul).
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Fig. 1. Strategy used to create subclones and to check sizes of th e deleted fragm ents.

A 2.0K b fragm ent (thicker line and blackened area) was inserted into X bal sites o f
pUC19 (2686bp). The distance among multicloning sites was enlarged for visualization and
is not to scale. A short bar at the right o f the EcoRI site represents the pU C /M 13 universal
prim er annealing site. Numbers 306, 396, and 628 represent base positions on the pUC19
where EcoRI and PvuII enzyme recognition sites are located.
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Fig. 2. Partial restriction map and sequencing strategy of the Xbal 2.0Kb fragm ent of the
FAW mtDNA.
The heavy squares represent multicloning sites of the pUC19, into which the 2.0Kb
fragment was inserted and 4 enzyme-cutting sites were determined (Chapter I). Lines and
arrows show the region and direction of sequencing.
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The eight sets of blunt-ended DNA were ligated at room temperature, overnight, in a
total volume o f 20ul (lu l o f above prepared DNA, 2ul of 10X ligation buffer (500mM TrisHC1 pH 7.5, 70mM MgCI2, lOmM DTT), 2ul of T4 ligase (1 unit/ul), and 13ul of water).

Transform ation and screening for designed subdonlne
E. coli strain DH5.alpha was used to prepare competent cells, which were
transformed by eight ligated DNAs, separately.

All these processors and procedures

screening for ampicillin resistance positive, alpha-complementary negative clones were
performed as previously described in Chapter 1.
A fter small scale preparation of recombinant plasmids (Birnboim et al. 1979), DNAs
were digested by endonuclease Pvull and fragments were identified by 0.7% agarose gel.
Eight proper clones with the designed plasmids were selected for amplification, respectively.
Large scale preparation of the recombinant plasmids for double stranded DNA sequencing
was accomplished by CsCl/ethidium bromide (EtBr) ultracentrifugation as described in
Chapter 1. Two recombinant plasmids, FAW -mtDNA-EcoRI-0.78 and FAW-mtDNAEcoRI-1.32 mentioned in the Chapter 2 were also used as subclones of the X bal-2.0kb
fragment and templates for DNA sequencing to increase the overlap reading sequences since
these two plasmids contain inserts which are part of XbaI-2.0 fragments (see Chapter 2).

Double stranded DNA sequencing
All procedures for the double stranded DNA sequencing were the same as
Appendices IV and V. However, two sequences of cloned fragments were generated using
a pUC/M13 reverse primer (from Promega). These two sequences had to be revered and
complimented by a computer program, REVERSE. In addition, extension reactions and
dITP substitution reactions were performed to increase reading and resolution of sequence
gels. The strategies used for the nest deletion and to determine the nucleotide sequence of
the 2.0 kb insert are given in Fig. 1 and 2. The complete sequence of contiguous regions
was assembled from individual, overlapping sequences in either orientation by directly
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reading the sequences. DNA sequence analysis was accomplished using computer programs
in UWGCG package (Devereux et al. 1984 version 6.1, 1989).

RESULTS AND DISCUSSION

Construction of subclones through nest deletion
For successful nest deletion, the selection of restriction sites to create S’ and 3’
overhangs involved choosing two enzymes that cleaved the multicloning sites on vector
DNA. Since the XbaI-2.0 fragment was inserted near the middle of the multicloning sites
on pUC19 and the insert contains one H indlll site, one Pstl site, and two EcoRI sites (Fig.
2), these enzymes could not been used to create 5’ and 3’ overhangs.

Thus, only two

enzymes, SstI and BamHI. cleaved the DNA far enough apart to be attempted. Deletion
results (Fig. 3-a) showed that the 18-base distance between them was effective in producing
31 and 5’ ends so that the DNA fragment was degraded by exonuclease III as expected.
Eight recombinant plasmids, propagated and purified from eight subclones, were
linearized by Xbal (Fig. 3-b) and Pvull (Fig. 3-c), which did not cut the 2.0 kb insert (data
not shown, see Table 2 footnotes).

Since Pvull cut pUC19 into 2364bp and 322bp

fragments, and the multicloning sites were located within the 322bp region, the top band
at each lane was the major part of the vector while the lower band at each lane was 322bp
plus deleted insert. Thus, these subclones possessed plasmids which contained the net sizes
of deleted inserts approximately 1895, 1558, 1458, 1418, 1108, 858, 518, and 208bp in
length. For an unknown reason, PvuII-cuttinc-sites in the recombinant plasmid t-8 (lane
9) were altered, and the major part of vector became larger. Sequence data of its insert did
not overlap with others, and this plasmid was not used as our sequence template. To meet
the deficiency, subcloned plasmid t-4 and the original X bal-2.0kb plasmid were sequenced
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Fig. 3. Fragment sizes of the nest-deleted recombinant plasmid X baI-2.0.
A. ExoIII/mung bean deletion before ligation: 1. Lambda DNA H indlll digestion;
2. SstI digestion o f the recombinant plasmid XbaI-2.0: 3. 5*end excision o f the Sstllinearized plasmid; 4-11. one to eight minutes time point deletion o f the recombinant
plasmid by ExoIII/mung bean nuclease.
B. Eight subcloned recombinant plasmids were digested by X bal. 1. Lambda DNA
H indlll digestion; 2. recombinant plasmid X baI-2.0: 3-10. eight time point plasmid; 11.1
kb ladder.
C. Recombinant plasmids digested by Pvull. In each lane, top band is m ajor part
of the vector pUC19 (2364bp), the lower band is deleted insert o f the 2.0kb fragm ent plus
322bp of the vector. 1: Lambda DNA H indlll digestion; 2-9: 8 time point subcloned
plasmids; 10: pUC19; 11. 1Kb ladder.
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Fig. 4. Nucleotide sequence of the Xbal 2.0kb fragment of the FAW mtDNA.
The 2019 bases of the sequenced fragment is presented without vector sequence and
oriented from 5’ to 3’ direction.

1

CTAGAAAGAA CAAATTAGAG CTTGTAAAAA OTATTTGATT TACA3TGAAA

SI
101

AGAAATTAAA ATTTAATTAA TTTCACTCCG AAAATTAATA AAAATATAAA
IM
TAATAAAAAA ATTTTTAAAA TA A TTTA TTT TAATGGCCGT TAAAGTATAT

151

TTATCGAAAA AATTATTTAA ITTA TA G TAA ATTAGTATTG TGAAAGAATT

201

TTGAAATAAA TGAAAAATGA AATTAGTTAA AAGTAAATTT A A TTTATTGT

251

ATCTTGTGTA TCAGAGTTTA TTAATTAAAA ATTATAGTTT TA A TATTCTC

301

CAATTTAAAA GAGATAATTA ATTATAAAAG TTATTCTAGC ATAAATATTT

351

TAAATAATTA ATTGCAAATC CAAATCTTAT TCGTTTTTAA ATATATCTAC

401

T T TT TTT A G A AAAAAATTTA ATTTTATATT ATTTAAATAA AAAATTAATT

451

A ATTAATTTT TTATTTAAAT AATATTATAT T T T AACGG A.T AAGCTTTAAT

501

TTA A ATTTA T ATAAATTTTA TTTTA ATTTA ATTAAGATTT TTA TA A TTTA

551

TA TTG TTA A T AAATTTTAAT TTATTATAAA TA A TTTTATT TAAAATAAAA

601

TTTA A TTTA A A TTTTA TA TT ' a t t t a t a a a a AAAAAATTAA AATTTTATAA

651

A A TTTC A TA T AATCATAAAA TTAGTATATA ATAAGATATT a a a a t t a t a a

701

A A TTATTTTA GTTAATAAAA AGGAATTCGG CAAATATATA TA TTCA CTTG

751

TTTATCAAAA ACATGTCTTT TTGAATTTAA TATAAAGTCT AATCTGCCCA

801

CTC A TA TTA T AATATATTAA AGGGCTGCAG TATATTGACT GTACAAAGGT

851

AG CATAATCA TTA GTCATTT AATTGATGAC TTGTATGAAA GATTGGATGA

901

AATATAAGCT G TCTC TTTA T TATTTTATAG AATTTAATTT TTTA A TTA A A

951

AAGTTAAAAT AAATTAAAAA GACGAGAAGA CCCTATAGAG T T T T A T A T T T

1001

AAAGTAATTG AGATTATTTA TAAAGTTTTT AATTAAAATT A TTTTAA TTA

1051

TTTTG TTG G G GTGACAAAAA AATATAAAAA A C TTTTTTTA TTA TTTA A CA

1101

TAAATAAGTG AGTATATGAT CCAATATTAT TGATTATAAG AAAAAATTAG

1151

CT7AGGGATA ACAGCGTAAT T T T T T T T T T T AGTTOSAATA AAAAAAAGAG

1201

TTTG C G A CC T CGATGTTGGA TTAAGATAAA a t t t a a a t g t AGAAGTTTAA

1251

A A TTTTC A TC TGTTCGATCA TTAAAATCTT ACTGATCTGA GTTCAAACCG

1301

gtgtaagcca

1351

ACGAAAGGAT CAAATATTTA AATTAAATTT ATTAAATAAT GAATATTATT

1401

A A TT TA TT TT AAATATATAA TTG CTTTTA T A TA A TA TA TA TA TA TA TA TA
IflMA-Uk*

1451

TATATATATA TATATATATA TATATAATTA A TT TT TTA T T TAAATAATAT

1501

AAAATTTTAG AATTCATTAA TATATAATTT AATTATATAG ATAGTAATGT

1551
1601

T T A T AAATG A TATTTATATA ATTTTTTTAG GTTTATTAAT TT TA A TT A TT
URFI ‘
GGTATTTTAG TAGCGGTTCC TTATTTAACT TTATTGCAGC GTAAGGTTTT

1651

AGGTTATATT CAAATTCGTA AAGGTCCTAA TAAAGTTGGT TTTATACGAA

1701

TTTTA CA A C C TTTTTC A G A T GCAATTAAAT TATTTACTAA AGAACAAACT

1751

TA TCC TA A TT TTTCTA A TTA TTTAAGATAT t a t t t t t c t c CTATTTTAAG
tf * *
T T T T A T T T T A TCTTTAATAA TTTG A TTA TT GATTCCTTAT TA TTTTAATA

1801

GGTTGGTTTC TATCTTTTAA TAAATATAAA A TA TTTTA G T

1851

TA A TTA G TTT TAATTTAGGA A TTTTA TTTT TTTTA TG TTG TACTACATTA

1901

GGTG TTTA TA CAGTTATGGT AGCTGCTTGA TC TTCTA A TT CTAATTATGT

1951

TATTACGGGG ATTACGCGCA GTAGCTCAAA CTATTTCTTA TGAAGTTAGA

2 0 0 -1

TTA G CTTTG A TTTTA A TA T

88
using reverse prim er.

Both of these reading data were totally the same and partially

overlapped with the sequence end o f the t-7 plasmid.

General features of the X baI-2,0 kb fragment
The entire sequence o f the XbaI-2.0 fragment o f FAW mtDNA was presented in Fig.
4. The sequence was placed in a 5’ to 3’ orientation and contained 2019bp, very close to the
average size predicted by agarose gel electrophoresis (Chapter I). To examine if small
fragments, generated by closely spaced cleavage sites, either within the inserted fragment
or in the insert near the vector, were missed during the restriction mapping, the ten enzymes
that were found in the multicloning sites were checked for their cutting site presence in the
2019bp piece using computer program. The result indicated that only four cutting sites
existed on the insert (data not shown). Furtherm ore, these four cutting sites on the insert
were very close to previously mapped locations by restriction enzymes ( Table 1, and
Appendix II). No extra cutting site was located by these ten enzymes. The insert sequence
also was scanned for cutting sites and fragment sizes by 149 endonucleases. There were 273
recognition sites with 47 enzymes, and another 102 enzymes did not cleave the sequence
(Table 2).
Notable features o f the sequence includes a high A and T content (83.7%).

Base

composition is 11.1% G, 39.9% A, 43.6% T, and 5.4% C. The X bal-2.0 fragm ent also
contained 123 pairs of short direct repeats, ranging from 6 bases to 35 bases (Table 3).
Some o f these direct repeats were very close to each other or even partially overlapping and
some were far apart. Among non-overlapping direct repeats, two 21 base pairs, from 14341454 to 1456-1476 were the longest. A 176 bases intervening sequence was flanked by a
pair of 16 bp direct repeats from 420-435 to 615-625. Two pairs of 13 bp direct repeats
were located at 698-710 to 1034-1046 with 324 bp intervening sequence, and at 939-951 to
1026-1038 with 75 bp in between.
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Table 1. A comparison of cleavage positions between mapped
restriction sites and those determined by computer program
on the sequenced 2.0Kb fragment

Enzyme

EcoRI
PstI
EcoRI
Hindlll

Cutting sites determined Cutting sites searched
by restriction mapping1 by computer program MAP2
506
1158
1269
1497

509
1198
1296
1528

1 Data from Appendix II in Chapter I.
2 Data from Fig. 4. Vector parts were subtracted.
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Table 2. A list of cutting sites and frafpent sizes in the 2019
sequence generated by 47 enzyses

Enzyme
A fIIII

Cuts a t

761
20 493 908 1922 1974
2004
Alwl
1112 1365
AocI
1151
1184
Asul I
Avail
1673
Bbvl
811
BbvII
983
BstNI
1309
CfrlOI 1297
CviJI
20
493 824 908 1307
1922 1974 2004
CviQI
842 1350 1891
Ode I
1151 1287
Dpnl
1119 1258 1267 1285
1359 1930
Dral
116 306 351 388 434
466 502 591 608 1000
1234 1248 1369 1410
1491
D rall
1673
EcoRI
723 1510
EcoRII 1307
Fno4HI 825
Fokl
908
Hindi 11 491
Hinfl
1831
HDall
1298
1072
HDhI
Mae I
1 397 1893
M aelll 1060
HboII
988 1923
Mmel
1196
Km11
1218
Msel
56 63 67 85 115 130
140 167 227 239 271
275 290 305 318 350
358 387 418 433 445
449 453 465 482 496
501 523 528 532
566 590 602 607 637
689 712 777 817 869
934 942 946 954 964
999 1029 1033 1044 1095
1221 1233 1247 1271
1327 1368 1373 1382
1399 1409 1478 1490
1517 1529 1586 1592
1625 1725 1772 1796
1814 1845 1860 2013
N la lll 765
765
Ns d H I
PduH I
1673
PssI
1676
PstI
829

Aim

Fragment arranged by s iz e
1258 761
1014 473 415 52 30 20 15
1112 654 253
1151 868
1184 2019
1673 346
1208 811
983 1036
1309 710
1297 722
615 473 399 331 84 52 30 20 15
842 541 508 128
1151 732 136
1119 571 139 89 74 18 9
528 392 234 190 121 116 89 81
46 45 41 37 36 32 17 14
1673 346
787 723 509
1307 712
825 1194
908 1111
491 1528
1831 188
1298 721
1072 947
1496 396 126 1
1060 959
988 935 96
1196 823
1218 801
153 126 100 69 65 65 60 57 57 56
56 52 52 51 47 41 40 35 33 32
32 31 31 30 30 30 29 27 27 24
24 24 23 22 18 18 17 17 15 15
15 15 15 14 14 13 12 12 12 12
12 12 12 11 10 10 10 10 9 8
8
8
7
6 6 5 5 5 5 4
4
4
4
4 4 4

765 1254
765 1254
1673 346
1676 343
829 1190
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Rsal
Sau3Al
Sau96I
ScrFI
SfaNI
S soII
SspI
Taql
Tsd45I
TspEI

^ in

UbaZ6I
VspI

842 1350 1891_____________
1117 1256 1265 1283
1357 1928
1673
1309
1708
1307
294 346 473 1125
1342 1365 1394
299 369 1184 1210
1264
1062
14 55 61 66 70 84 111
123 162 170 181 198
222 237 242 274 281
317 321 357 361 416
421 444 448 452 456
499 505 515 526 531
546 563 569 583 600
605 611 636 642 652
670 694 702 725 775
872 932 937 945 963
1007 1032 1038 1047
1146 1169 1231 1252
1372 1377 1402 1420
1477 1481 1504 1512
1527 1532 1571 1589
1595 1664 1700 1724
1729 1758 1767 1820
1853 1863 1871 1938
1944________________
916
67 85 271 318 358
449 453 1399 1478
1586

842 541 508 128
1117 571 139 91 74 18 9
1673
1309
1708
1307
652
29
815

346
710
311
712
625
23
755

294

217

127

52

299

70

54

26

1062 957
120 99 97 75 69 67 62 60 57 55
53 50 44 43 41 39 39 36 36 33
32 29 27 25 25 25 24 24 24 23
23 22 21 18 18 18 18 17 17 17
15 15 15 14 14 14 14 12 11 11
10 10 10 9 9 8 8 8 8 8 7 6 6 6
6 6i 6 6 t> 5 5 5i 5 5 5; 5 5 5 4
4 4 4 4 4i 4 4 4

916 1103
946 433 186 87 79 69 67 47 40
39 18 4 4

iN on-eleaving enzymes:
AatM AccI A flll A hall AlwNI Apal ApaLI Asp700I Asp718I Aval A vrll
B all BamHl BanI Banll Bbel B eeflx B e ll Bgll B g lll Bsml Bsp1286I
BspHI BspHl BspHII BsrI BssHII BssHII BssHIl BstEII BstXI C frI C lal
D r a in Dsal Eco31I E co47lII Eco57I Eco78I EcoNI EcoRV EspI FinI FspI
G d ill Gsul Hael H aell Heel 11 Hgal HgiAI HgiEIl Hhal H incII HinpII
Hpal Kpnl Ksp632I H aelI Hfel Hlul Nael Narl N eil Ncol Ndel Nhel NlalV
Not I Nrul N sil NspBII PflH I P ie t PmaCI Pvul PvuII R srII SacI S acII
S a il Seal S c il Seel S f il Smal SnaBI Spel SphI SplI S tuI S tyl TaqM
Thai Tth111l Tth111II Xbal Xcal Xhol XhoII Xmal Xmalll
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Table 3. Direct repeats located on the Xbal 2.0kb fragment

A ddress o f
re p e a t
* 53-59
65-71
98-104
179-186
270-277
280-286
342-348
386-393
418-425
429-440
453-459
478-485
495-501
502-508
511-520
524-530
543-549
560-568
565-573
582-589
588-594
596-603
622-630
638-645
645-654
648-654
665-673
690-698
933-939
1013-1019
1027-1035
1047-1053
1227-1234
1256-1262
1367-1373
1376-1383
1382-1388
1413-1419
1413-1419
1413-1419
1413-1419
1413-1419
1413-1419
1413-1419
1428-1435
1434-1466
1434-1462
1434-1458
1434-1454
1434-1450
1434-1446
1434-1442
1470-1479
1521-1530
1569-1575
1645-1651
1729-1735
1767-1773
1792-1798

Address of
p a rtn e r
82-88
83-89
118124
220-227
317-324
320-326
388-394
432-439
453-460
461-472
496-502
519-526
527-533
512-518
559-568
544-550
580-586
608-616
601-609
610-617
605-611
638-645
644-652
648-655
695-704
690-696
697-705
698-706
941-947
1038-1044
1042-1050
1090-1096
1248-1255
1283-1289
1408-1414
1401-1408
1409-1415
1436-1442
1440-1446
1444-1450
1448-1454
1454-1460
1458-1464
1462-1468
1471-1478
1444-1476
1448-1476
1452-1476
1456-1476
1460-1476
1464-1476
1468-1476
1520-1529
1565-1574
1537-1593
2688-1694
1779-1785
1779-1785
1804-1810

bp
7
7
7
8
8
7
7
8
8
12
7
8
7
7
10
7
7
9
9
8
7
8
9
8
10
7
9
9
7
7
9
7
8
7
7
8
7
7
7
7
7
7
7
7
8
33
29
25
21
17
13
9
10
10
7
7
7
7
7

Address of
re p e a t
58-64
86-94
121-128
208-215
272-278
314-323
348-356
411-418
426-432
443-450
463-470
495-504
497-503
504-512
520-530
527-533
544-551
562-568
574-580
586-592
590-596
609-618
633-639
638-644
647-654
657-663
666-673
778-784
944-953
1013-1019
1037-1045
1089-1095
1247-1253
1339-1346
1372-1381
1379-1385
1412-1419
1413-1419
1413-1419
1413-1419
1413-1419
1413-1419
1413-1419
1414-1421
1434-1468
1434-1464
1434-1460
1434-1456
1434-1452
1434-1448
1434-1444
1434-1440
1495-1501
1533-1539
1596-1602
1728-1736
1758-1765
1780-1786
1792-1799

Address o f
p a rtn e r
108-114
101-109
168-175
215-222
315-321
354-363
385-393
439-446
472-478
451-458
499-506
522-531
544-550
545-553
563-573
565-571
567-574
582-588
623-629
619-625
637-643
640-649
667-673
666-672
665-672
676-682
690-697
810-816
962-971
1047-1053
1046-1054
1125-1131
1271-1277
1362-1369
1381-1387
1396-1402
1433-1440
1438-1444
1442-1448
1446-1452
1450-1456
1456-1462
1460-1466
1428-1435
1442-1476
1446-1476
1450-1476
1454-476
1458-1476
1462-1476
1466-1476
1470-1476
1518-1524
1564-1570
1631-1637
1766-1774
1782-1789
1803-1809
1841-1848

bp
7
9
8
8
7
10
9
8
7
8
8
10
7
9
11
7
8
7
7
7
7
10
7
7
8
7
8
7
10
7
9
7
7
8
7
7
8
7
7
7
7
7
7
8
35
31
27
23
19
15
11
7
7
7
7
9
8
7
8

93
1803-1810
1840-1846

**420-435
698-710

1840-1847
1874-1880

8
7

610-625
16
1034-1046 13

1813-1819
1843-1849

1844-1850
1858-1864

7
7

495-508
939-951

601-614
1026-1038

14
13

* D ire c t re p e a ts when strin g e n c y s e t a t 7 , and range a t 50.
** D ire c t re p e a ts when strin g e n c y s e t a t 13, and range a t 500 o r
1000.
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Direct repeats are considered "hotspots" where recombinant events might take place
(Schon et al. 1989). Large direct repeat elements are widely distributed in plant mtDNA,
and some appear to be involved in intermolecular and intramolecular recombination (Stern
et al. 1986). By this mechanism, it may be possible for the large master circle mtDNA to
become n-partite small circle mtDNAs and vice versa. Five major pairs of direct repeated
elements were found in maize (Lonsdate et al. 1984), and two direct repeat elements were
located on the mtDNA of spinach (Stern et al. 1986). Since plant mtDNA are very large
(200kb-2400 kb), large direct repeats still occupy small portions of the plant mitochondrial
genome.

Recently, Holt et al.(1989) reported that deletion of a 13 bases direct repeat

occurred in human mtDNA of patients who suffered from the disease, myopathy. A 5 kb
long large deletion of human mtDNA was observed, which was also deleted from "hotspot"
of 13-base pair direct repeats (Schon et al-1989). Theoretically, when DNA molecules
became single stranded, one strand o f a repeat might anneal to the complementary sequence
of its partner repeat. If certain required recombinant enzymes, such as £hi and ini of the
bacteriophage lambda, are available at the time this event occurs, a portion of DNA might
be looped out and/or reintegrated back into the FAW mitochondrial genome. A model for
looping out is proposed in Fig. 5.
Structures for stem loops were determined and 160 stems were observed. Among
these, 28 pairs were inverted repeats which are normally considered to be hotspots for
enzyme recognition. These inverted repeats may also form palindromes or cruciforms when
the DNA has been transcribed. Inverted repeats are potential structures where flip-flop
recombination may occur.

Genes identified within the 20I9bp fragment of the FAW mtDNA
The entire sequence of the 2019bp fragment was first compared to all sequences
available in GenEMBL which contains 28,968 sequences and 35,332,822 bases (Pearson et
al. 1988).

Among 40 of the most similar DNA sequences, 33 sequences were of
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mitochondrial origin.

Similarities between these 40 searched sequences and 2019bp

fragment ranged from 51,9% to 78.6%. They mostly encoded mitochondrial genes for
tRNAval, tRNAleu, 16S (large) rRNA, and a major part of the URFI (NDI) gene.

The

large rRNA gene was more precisely located at the positions around 51-1400bp. This was
evident when mitochondrial large rRNA genes from seven different species were aligned
with the 2019bp sequence. The gene contains 78.9%, 75.7%, 75.6%, and 70% similarities
with mitochondrial large rRNA genes of D. melanoaaster (Garesse 1988), D. vakuba (Clary
etal. 1985), Aedes albopictus fHsuchen et al. 19841 and Anis mellifera (Vlasak. et al. 1987),
respectively. Since the MAP program in the UWGCG package does not accept any two
sequences larger than l,000bp, some of these comparison mitochondrial rRNA genes had
to be split, artificially into two equally sized parts. These comparisons showed that the
second half of the gene is much higher in homology than its first half (Fig.6), where less
conserved regions are found (Fig. 6 & 7). Only two out of seven conserved regions were
located in the first part of the molecules. A longest conserved stretch was region 7, which
is a 45bp sequence and was located at 1283 to 1329 nucleotides in the FAW mtDNA 2.0 kb
fragment. Region 7 of the FAW mitochondrial rRNA gene was identical with those in the
16s rRNA genes of the D. vakuba and D. melanoaaster. One T-C base transition occurred
in the corresponding region in the Aedes molecule.
Part of the gene for URFI (ND-1) was also identified by comparison to these genes
from D. vakuba. D. melanoaaster. and Locusta miaratoria. The matched fragment in the
FAW mtDNA 2.0kb sequence is located from 1556 to 2019bp, where the similarities of
nucleotides are of 82.3%, 81.0%, and 77.9%, respectively (Fig. 8). The FAW mitochondrial
URFI gene is encoded in the opposite strand of that for flies, but as the same as in locusts.
In the entire sequence, there is one gap spacing 2 nucleotides (located at 1950-1951) in the
three other species related to FAW. In addition, locust contained an additional gap (at
position of 360-363bp) spacing three nucliotides in other 3 species.

A 173bp mosquito

fragment of URFI gene (HsuChen et al. 1984) contains 71.8% similarity to the first part of
the FAW fragment. When this part of the FAW URFI gene sequence was individually
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aligned with the same gene from 2L laevis. sea urchin, human, and A. nidulans. its
similarity was only 57.7%, 56.2%, 51.2%, and 49.1%, respectively. As expected this gene
is more smilar among the insects than other organisms.
The URFI gene in D. vakuba and D. melanoaaster was 974bp, and 935bp,
respectively. Since 465bp of XbaI-2,0 was matched with part of URFI gene in Drosophila
(12215-12680bp), the sequenced fragment only contains part of the URFI gene in FAW.
In the second chapter, I reported a 232bp fragment of the FAW mtDNA which was matched
with another portion of the fruit fly URFI gene (from lI985bpto 12210). By the alignment
data. Xbal 0.3 fragments and Xbal 2.0 fragment were very closely linked together (only 5bp
missing). Thus, we have sequenced more than 70% of the gene. From data in in Chapter
II, the remaining portion of the the FAW URFI gene should be located at the other end
of the EcoRI-1.32 fragment. By DNA sequencing of EcoRI-1.32kb using the universal
reverse primer, we should be able to find the rest of the URFI gene encoded by the FAW
mtDNA.
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Fig. 5. A loop-out model of a fragment from the 2.0kb sequence.

A. Two 16bp direct repeats with 176bp of intervening sequence is melting.
B. The rearrangement of these two direct repeats causes deletion of the intervening
sequence and one direct repeat.
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Fig. 6. A comparison of mitochondrial rRNA genes from FAW and
three other species of insects.In £. melanoaaster. only 3'
end of the 16s rRNA gene has been reported (Garesse 1988).
(1 = FAW, 2 = D. vakuba , 3 = mosquito, 4 = D. melanoaaster)
1. AAAATAATTT ATTTTAATGG GGGTTAAAGT ATATTTXATG GAAAAAATTA
2. G. . .T. .C.A TAAA.TX.AA AA. ..TT.... T G . . T . A A ......... A.
3 ............TAA. .C.GTA TA. ..TT
T...T.AA . . ..T. . .A.
1. TTTAATTTAT AGTAAATTAG TATTGTGAAA GAATTTTGAA ATAAATGAAA
2• ••.T . A ■A .•
•••!••A ... •■•A A •«••• .•».T .T G ••
3. ...T.A.A..... T ___ T ........ A .......G A .......... T.TG. .
1. AATGAAATTA GTTAAAAGTA AATTTAATTT ATTGTATCTT GTGTATCAGA
2. . .AATTT.AT T .......A ................... C .............. C
3. . .ATTTT.AT T .......A ................... C .............. G
1. GTTTATTAAT TAAXXXXAAA TTATAGTTTT AATATTCTCG AATTTAAAAG
2* . . . . . . . . . A • • • • • • • • • •
A ■. A • T A • • * • I • I . . . . . . • T
3 ................ TTAATT........XX.A .T.T............ T ___
1. AGATAATTAA TTATAAAAGT TATTGTAGCA TAAATATTTT AAATAATTAA
2. ..T....AT. A
T T .......A. ..GA. . A..T
A T
T. AT.
3. .TT......T A . A
G.A. ...T....... T
TA. ..
1. TTGGAAATCG AAATGTTATT CGTTTTTAAA TATATCTAGT TTTTTTAGAA
2. ..A .....X . .......... .......... G G ........ .....A ....
3. ..A
X ..........A ........ A .................... A ___
1. AAAAATTTAA TTTTXATATT ATTTAAATAA AAAATTAATT AATTAATXTT
2. .T........... AG.A....... A A . T T . . T T T
T. . .T..... X.A
3. .T........... AG..X..
..A A .TTA. . .GT
T. . .T..... A..
1. TTTATTTAAA TAATATTATA TTTTAAGGGA TAAGCTTTAA TTTAAATTTA
2 . AAT .A..T.T A.T.T.A.........T
A... A A ....... T
3......A. .T.T A. .AT.A................ T ........ A A ........ T
1. TATAAATTTT ATTTTAATTT AATTAAGATT TTTATAATTT ATATTGTTAA
2. .•A •.••A A • •AA.A..... ...A..T..A •GCT••G A A •TXXXA.C A .T
3. ..A.TT..AA .AAAGT........A. .TG.A AGCT. . .AAA TXXXA
T
1. TAAATTTTAA TTTATTATAA ATAATTTTAT TTAAAATAAA ATTTAATTTA
2. . .TTAAAA.. .G.G..... T.T........ A A . T T . A . T T
XX...
3. C.TTAA.A....... G .... T.T. . .. . .A A.TTTT. . T T
T.A. .
1. AATTTTATAT TATTTATAAA AAAAAAATTA AAATTTTATA AAATTTGATA
2* .......A T « A T ..A T .... .T .TT....T T...A..TA. ..T .A A .T A .
3. ..A..A.AT. AT..ATT
.T.T
T T . ..A...AT G.T..AT.A.
1. TAATG
2 ......
3. .T...

u M H
4k U N H

. ATAAAAAGGA ATTCGGCAAA
TATATATATT
CACTTGTTTA TCAAAAACAT
. G . C ............... A .........................
. T A . . T . . A ...............................A . . . X . . G . .
. T A . . T .............................................. X............................... C ............................................
. T A . . T . . A ...............................A . . . X ................. G . C ..................A .........................
GTCTTTTTGA ATTTAATATA AAGTCTAATC TGCCCACTGA TATTATAATA
XXXXXX..A.
........................................... T
XXXXXXT.G.
XXXXXX..A.
* *X.* • • • * • 'X 1+ *

•

• • • • • • • • • •

•

p

m
• • • • • • • A

• • • • • • • • • •
p
w • • • • • • • » •

n

.......G ..
T A .....................

AATTAAAAAG ACGAGAAGAC CCTATAGAGT TTTATATTTA AAGTAATTGA
T .......................................................... A . T C
T .T.T.T..XX
T . A . T ................................................................T C ............. T . . . T TTAATTA. XX
T . . . T ...........................................................A . T C T T T T . A T . . X X
GATTATTTAT
T . A . TA. A . A
AAG. TAAA.A
T .A .T A . ATA

.

. TCTTTATTAT TTXXTATAGA ATTTAATTTT TTAATTAAAA AGTTAAAATA
. . . A . . TAA. . . . AAA.......................... T ....................... G .C ...................C ...............T
. . T . . . T A A . . . .T T X ......................... T ......................................................................
. . . A . . T A A . A . . T T .............................T ....................... G . C ...................C ...............T

•C* 10 ro H

iMOMH

TATGAAAGAT TGGATGAAAT ATAAGCTGTC
A.....T.G . ....C ...« . ..T .A ....T
. . . . . . T . G . . . A . . . . G. . . . . TA. . . . .
A ............ T . G ............... C
T.A. . . ,T

A U (O H

. GTCATTTAAT TGATGACTTG
. . . . T . . . . . . ...A.G..G.
. . . . T . . . . . . . . . A . G. . . .
. . . . T ......................... A . G . . G .

1
^ W W H

U U H

ATTTTAGTTA
. . . GAA .A G.T
T .G A G ..G .T
..G A A .A G .T

. TATTAAAGGG CTGCAGTATA TTGACTGTAC AAAGGTXAGC
*

i^

IOMH

. ATAAAATTAG TATATAATAA GATATTAAAA TTATAAAATT
. . . . G ................................................... TG .TA A . .XX . A .XATTT.
. G .......................................T T A .T TTATXA.......................TXT. .A
............................................................TG .TX X
A T T T ..X

f
t U M H
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AAAGTTTTTA
G . TTAA.T T . .
G. . T A A . . A .
G. TTAA. . A .

ATTAAAATTA XTTTTAATTA TTTTGTTGGG
. A . XA . . A . . A ....................................A ............
. . . T . T . G . T T . A . A . . A A ..............ACT. . .
. . . T T . . . A . XA. A A ..A ................ A ........

GTGACAAAAA AATATAAAAA ACTTTTTTTA TTAXTTTAAC ATAAATAAGT
.. ..T .T T ..... T ............. A A .T .... AAA...... T ...TTA.
.. .GT.TT......T. ..TT............... T.G. .T. . . .T. .. .TA.
,. . . .T.TT..... T ............. AA.T . .TTAAAA......... TTA.

1 . GAGTATATGA TCCAATATTA
2 . . . A . . A T .................... T . . A . .
3 . . TA. . . T . . . . . . . . . T . . .
4 . . . A . . . T .................... T . . A . .

TTGATTATAA
A .............. A . .
. . . . . . . A..
A .............. A . .

GAAAAAATTA
A. TT . . G . . .
A.T T ..G ...
A.TT..G...

CCTTAGGGAT
. T ....................
..........
. T ....................
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»H
cm

m
H
n

n

. AACAGCGTAA TTTTTTTTTT TAGTTCGAAT AAAAAAAAGA
,GGA GC• • • • At • • CG aTaaaaAa
G ............T T • • CG a C a a a aAa
, GGA G• • a a aAT a a CG a I' a a a aA a

GTTTGCGACC
aAaaaaaaa
aA a a a a a a a
Ga a a a a a a a

.
•
•
•

AAAATTTTGT
• • • T « • * AAG
« • t G * • *A*G
a a . T . • #AAG

TCGATGTTGGATTAAGATAX
••***•*■••
T
» • • • • • • • • ■ • • • • • • • ATT
••••••■••••••••••••7

AAATTTAAAT GTAGAAGTTT
• • T > • • GGG• • • • • CC• • • C
* 7 7 • • • • GG* * • • • • • • « • •
. . T . • * GGG• • • • • C C • • «C

H
cm

ro
Tf

.
7C7GT7CGA7 CA7TAAAA7C 77ACX7GA7C 7GAG77CAAA CCGG7G7AAG
..............................C 7 7 ............7 .................. A ..........................................................................
•
*••••••••0 • 7 • • G • « 7 • • • • • • A • • • • • • • • • • • • • • • « • • • C • • * • •
..............................C 7 7 ............7
A . * .....................................................C .............

H
n

n
^

.
CCAGG77GG7 7 7 C 7 A 7 C 7 7 7 7AA7AAA7A7 AAAA7ATT77 AG7ACGAAAA
•
• • • * • • • • • • • • • • * ■ » • • • X t • A* * * »X# c ? * * * * * * * * • • • • • • • • • G
•
• • • « • • • • • • • • • • • • » • • • X• • • • • • • X• • 7 7 • • • • • A • • • • • » • • » • G
..............................................................X . . A
X. . 7 G .................................................. G

H o n ^ f

.
•
•
.

GA7CAAA7A7 77AAAT7AXA
* A . * • * A. T.
. .C.T
AA • • . A . * T .
. . C ................ C A . . . . A . T T

X = gap

AT7TA77AAA TAA7GAA7A7 7 A 7 7
• i A*T« » T* 7 A 7 • A * * * * * * • • • •
a Aa »7*A*«7
7A • • • •
* . A . 7 . . 7 X T A T - A . - . T ..................

Fig. 7.
1.

Region I (17bp)

(1).
(2).
(3) .
2.

Base Conservation of mitochondrial large rRNAs

235 AAATTTAATTTATTGTA 251
13917 ***************** 13901
225 ***************** 242

Region II (21bp)

(1).
(2).
(4) .

371 GAAATGTTATTCGTTTTTAAA 391
13761 ********************* 13741
358 ******** *A* ******A* * * 384

3. Region III (29bp)
(1).
(2).
(3).
(4).

749
13413
8114
736

TGTTTATCAAAAACATGTCTTTTTGAATT
******A **********************
******A **********************
*************************T ***

777
13385
8093
764

4 . Region IV ( 2 1 b p )
(1).
(2).
(3 ) .
(4 ) .
(5 ) .
(6 ) .
(8 ) .

9 6 7 AAAAGACGAGAAGACCCTATA 9 8 7
13200 ********************* 13180
7907 ********************* 7888
940 ** * * * * * * * * * * * * * * * * * * * 969
829 *T G G *****T *********** 851
5288 G T T ***************G *G 5310
2707 G C ******************G 2732

5 . Region V
(1 ) •
(2 ) .
(3 ) .
(4 ) .
(5 ) .
(6).
(7).
(8) .

1151
13017
7723
1133
1011
5531
4420
2929

(2 5 b p )
TTAGGGATAACAGCGTAATTTTTTTT
**************************
**************************
**************************
*******************A **C ***
C G C A ************T ***C ****C
C **************C ****C C A ***
C **************C ****C C *A **

1175
12993
7699
1159
1035
5555
4444
2953
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6.
(1).
(2).
(3).
(4).
(5).
(6).
(7).
(8).

7.

Region VI
1202
12967
7673
1183
1062
5580
4470
2969

Region VII

(1).1283
(2)12884
(3).7594
(4).1266
(5).1145
(6).5664
(7).4554
(8).3062

(27bp)
TTGCGACCTCGATGTTGGATTAAGATA
***************************
***************************
*************************A T
*****************A ********G
********************C G G **C *
**A ****************A *C **G G C
**A *****************C *G **C A

1228
12941
7647
1209
1088
5606
4496
3005

(45bp)

TGATCTGAGTTCAAACCGGTGTAAGCCAGGTTGGTTTCTATCTTT 1 3 2 9
* * * * * * * * * * * ********************************** 12840
********************************************* 7546
* * * * * * * * * * * * * * * * * * * C * * * * * * * * * * * * * * * * * * * * * * * * * 1310
****T **********T **A ******T ***A *************** 1181
*************G *****C *A G ********C A *********A C G 5709
*************G *****A ****T******C A **********A * 4598
*************G *****A ****T******C ***********A C 3106

* * 1 / . F a l l A rm yw orm ,
2 / . D ro s o p h ila v a k u b a .
3 / . D.
m e la n a q a s te r
(o n ly 3 ' en d o f th e
16S rRNA s e q u e n c e i s
a v a ila b le ).
4 / . A edes a l b o p i c t u s .
5 / . A p is m e l l i f e r a .
6 /. S tro n g y lo c e n tro tu s p u rp u r a tu s .
7 / . X enopus l a e v i s .
8 / . H um an.
* = sa m e b a s e .
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Fig. 8. A comparison of mitochondrial URFI genes from FAW and
other three species of insects.
1.
2.
3
4.

TTTATAAATG ATATTTATAT AATTTTTTTA
. . .TAT.TA. . A T . . AT. T . . T C A . . AA.T
. . . T A T . T A . . A T . . A T . T . G T C A ..A A .T
A.A .. . T . ..
GT..G.....

1.
2.
3.

4.

TGGTATTTTA GTAGGGGTTG CTTATTTAAC TTTATTGGAG CGTAAGGTTT
• T . • G•A • . .
A «T • A
• » * T « . . . « . ............... A . . A
A. . . .
• T . . G . A. • • . . . A . T . . A . . . . T ............... . . . . . . A . . A . . A . . A . . . .
. T . . G ............

1.
2.
3.
4.

TAGGTTATAT TCAAATTCGT AAAGGTCCTA ATAAAGTTGG TTTTATAGGA
. . . . G ............
____ A .............
A

.

...

. .

GGTTTATTAA TTTTAATTAT
. . AAGT.. .T
A
. . .A G T .. .T
A. . . . . . . .
AA. . . T . . . T
A. . . . . . . .

. .. .. .. ..
.
.

......

__ .......

1
2.
3.
4.

ATTTTACAAC CTTTTTCAGA TGCAATTAAA TTATTTACTA AAGAACAAAC
C CT
GT
A
GT
C CT
G
A
...........................
. . . C CT____
.............A G T . .

1
2.
3.
4.

TTATCCTAAT TTTTCTAATT ATTTAAGATA TTATTTTTCT CCTATTTTAA
. . . . A. . . . .
...............ATTA . . A . . A . . . . . . . . . . . . . .
.................... TT
................. TTA
. A T . . . .TT. A. A. . . . . . .
. . . . TTT. . .

1.
2.
3.
4.

GTTTTATTTT ATCTTTAATA ATTTGATTAT
C . . . A T . . . . ................. T . T G . . . . . A . . .
C. . . AT. . . . . . . A . . . T . T G. . . . . A . . .
A .. .A ..A ..

1.
2.
3.
4.

ATAATTAGTT TTAATTTAGG AATTTTATTT TTTTTATGTT GTACTAGATT
T . . TACTC. .
TGGA...............
T . . T A . T C . . ................. G . . TGG.................
. . G T G . T C . . . . C C . . A T . . ----- . . . T . A .

1.
2.
3.
4.

AGGTGTTTAT ACAGTTATGG TAGCTGGTTG ATCTTCTAAT TCTAATTATG
. . . A ..............
A . . G ..............
GA. A ..............
. T ....................

1.
2.
3.
4.

— TTATTAGG
CT. . . . . . . .
CT. . . . . . . .
C A. . . . . 6 . .

...
...

.... ........ • • ••••••*••• ........... . ..............
.... . . . . . . •• .. . ...... . . . . . . . . .

GGGATTACGG
...T. . . . . A
A . .T.»G..A
T T C T ............T

TGATTCCTTA TTATTTTAAT
G T . . A . . . .T . . T . G . . • .A
GT. . G ____ T . . T . G . A . . A
. T T .................

GCAGTAGCTC AAACTATTTC TTATGAAGTT
. . T . . G . . . . • • • • • • • • • • »•••»•**««
. . T . . G . . . . . G. . . . . . . .
T.T ..T ....
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1
2
3
4

AGATTAGCTT TGATTTTAAT AT
&
a
m

’This part of the URFI gene was highly conserved. Base
composition of FAW (1) is 82.3% identical to that of D.
vakuba (2), 81% identical to D. melanoaaster (3), and 77.9%
identical to Locusta miaratoria (4). Gaps are indicated by
dashes.
Residues homologous to those of FAW are indicated
by dots.
- = gap.
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Reading through the open reading frame for FAW U R F I, one ATG methionine
codon is not occured at the position o f 1556-1559bp where FAW U R FI gene starts to match
with the U R FI gene of D. vakuba. but instead, the ATG is located at 1547-1549bp. I
predict that the U R FI gene in the FAW mtDNA begins at this position. The predicted
protein was translated by a com puter program, but the protein sequence stopped after 92
amino acids since one universal stop codon, TGA at position of 1823-1825bp, blocked
protein translation. Because I am confident that the DNA sequencing gel was not misread
(Fig. 9) and the TGA codon in mitochondrial genome from Neurospora to humans,
including D. vakuba. was used for tryptophane rather than stop codon (Darnell et al. 1986;
Clary, et al. 1985)) the same principle might be applied in the FAW mtDNA.
There are two short sequences, l-57bp and 1400-1546bp in the 2019bp fragment,
for which I can not determine the gene content. However, a sequence was found from 1424
to 1527 nucleotides which can be folded into a tR N A -like structure (Fig. 10). Animal
mtDNA was considered as to be economic since tRNA genes normally functions as
punctuations in the context of the genetic language. We have been unable to locate other
tRNA structures probably because part of the tRNA sequence was beyond the XbaI-2.0
fragment. Transcriptional hybridization between RNA, isolated from FAW mitochondria,
and nick-translated mtDNA fragm ent would be helpful for further location and
identification o f the mitochondrial genes in the FAW mtDNA.
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Fig. 9. DNA sequence around 1823 base in the Xbal-2.0kb fragment.

The top strand of the DNA was sequenced using the universal reverse primer. It reads as
5’-GGAATCAATAATCAAA-3’; its reverse and complementary sequence is
5’-TTTGA7TATTGATTCC-3.

s'
s'

g g a a t c a a t a a t c a a a
t t t g a t t a t t g a t t c c
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Unidentified Open reading frames

The 2019bp sequence was checked for unidentified open reading frames from both
strands. About half of the open reading frames coded for peptides shorter than 10 amino
acids, and may not be translational units.

Table 4 listed 15 peptide sequences which

contain either more than 10 amino acids or short peptides ending with TGA codon. Number
1 to 12 peptides were coded in the region where the large rRNA gene was located. The
other three peptides were located at the DNA region that the major part of the U R F-I gene
was identified. It would be interesting to know if gene overlap occurs in the mitochondrial
genome and if most of these small peptides can be expressed in expression system such as
maxicells. Also, transcriptional hybridization is nessecary to confirm genes identified by
this paper.
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Table 4. Open reeding fraaes encoded fay the 2019fap sequence of the FAU atDNA

n o . lo c a tio n

AA

1
2

133217-318

14
34

H et-G ly-V ao-L ys-V al-T yr-L eu-T ry-L ys-L ys-L eu-P he-A sn-L eu.. .
H et-L ys-L eu-V al-L ys-S er-L ys-P he-A sn-L eu-L eu-T yr-L eu-V al-T yr-G I n S er-L e u -L eu 'lle-L y s -A sn - T y r-S er-P h e-A sn -Ile-L eu -G lu -P h e-L y s-A rg Asp-Asn

3
4
5

662-700
762754-

12

6
7
8

747820-861
876-959

14
28

9

1051-1101

17

10
11
12

11151296-1331
1407-1517

12
37

13

1547-

Met-1 le-L y s-L eu ;Jfal-T ry -A sn -L y s-Ile-L eu -L y s-L eu
Met-Ser-Phe-TGA
T G A -P h e-C y s-T h r-L y s-L y s-P h e-ly s-l le-T yr-L eu-A rg-1 le -G ln -G ly -S e rI le -A s n -T ry -T y r-I le -L e u -P ro -S e r-C y s-T y r-I le -S er-G ln -V al-P h e-T h rA la-Tyr-A sp-Asn-Thr-M et
TG A-Lys-Asn-Ile-Leu-Phe-Het
L eu -A la-A la-T h r-T y r-G ln -S er-T y r-L eu -P ro -L eu -M et-Ile-M et
H et-T h r-C y s-H et-L y s-A sp -T rp -H et-L y s-T y r-L y s-L eu -S er-L eu -T y r-T y rP h e-Ite -G lu -P h e-A sn -P h e-L eu -Ile-ly s-L y s-L e u -L y s
L y s-T h r-P ro -T h r-V al-P h e-P h e-T y r-L eu -P h e-S er-L y s-L y s-A sn -A sn -L eu Het
H et-Ile-G ln-T yr-T yr-T G A
Ile -T u r-P h e -A s n -L e u -Ile -L y s-Ile -G ln -G lu -Ile -M e t
L y s-U eu -T y r-I le - I le - A la - L y s - I l e - T y r - T y r - I le - T y r - lle - T y r - I le - T y r Ile -T y r-Ile -T y r* Ile -T y r-ile -Ile -L e u -L y s -L y s -A s n -L e u -T ry -T y rL eu -Ile-L y s-S er-A sn -H et
H et-P h e-1 le-A sn-A sp-1 le -T y r-I le -1 le-Phe*L eu-G ly-L eu-L eu-I le-L eu I L e -1 le -G ly -1 le-L eu -V al-G ly -V al-A la-T y r-L eu -T h r-L eu -L eu -G lu -A rg L y s-V a l-L e u -G ly -T ry -I le-G ln -Ile-A rg -L y s* G ly -P ro -A sn -L y s-V al-G ly P h e -I le -G ly -Ile -L e u -G ln -P ro -P h e -S e r-A s p -a la -1 le-L y s-L eu -P h e-T h rL y s-G lu -G ln -T h r-T y r-P ro -A sn -P h e-S er-A sn -T y r-L eu -A rg -T y r-T y r-P h eS e r-P ro -Ile -L e u -S e r-P h e -Ile -L e u -S e r-L e u -Ile -Ile -T G A

14

1719-1772

15

1916-

18

p e p tid e sequence

H et-G ln -L eu -A sn -T y r-L eu -L eu -ty s-A sn -L y s-L eu -l le -L e u -Ile -P h e -L e u Ile -Ile
Het-Val-Ala-Gly-TGA

TGA (== UGA in RNA) i s one o f th e th r e e s to p codons, b u t in mtDNA th e codon codes f o r T rp.
As a r e s u l t , each p e p tid e may n o t be sto p p ed th e r e . For co n v en ien ce, when th o s e p o ly p e p tid e s a r e
t r a n s l a t e d from th e o p p o s ite d i r e c t i o n , th e codon sequence i s s t i l l w r i t t e n in TGA in s te a d o f AGT.

I ll

° ° ( 14 2 4 )

U
5' A-U
(1527) A_y
U-A
A-U
U-A
A-U
CA
/ U'An'Av
UA
UUAA
NUAUAUAUAUAUAUAUAUA
U
m
GAUU
AUAUAUAUAUAUAUAUAU
A
*
AA
\
a
A U
U

A

A

i

A

U-A^U y

U-A
A-U
A-U
A-U
U U
A-U
U-A
A-U
A-U
U
U
A A
A
Fig. 10. tRNA-like structure of a sequenced portion (1424 - 1527)
of the 2019 bp fragment of FAW.
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SUMMARY AND CONCLUSIONS

Fall army worm mtDNA was purified from pooled samples o f adults. The yield of
mtDNA ranged from 45 to 114 ng per moth.

This purified mtDNA showed 3

electrophoretic bands when electrophoresed on 0.7-1.0% o f agarose gels. Since all bands
were located at positions suggesting molecular weights greater than 23.1Kb, they were
originally thought to be contaminated nuclear DNA. However, when digested with Sail or
Xhol restriction endonuclease, all three DNA bands disappeared and were replaced by a
single 16.3Kb band. DNA analysis by electron microscopy visualization also indicated three
forms of mtDNA. These three forms, evident in the EM pictures and on the agarose gels,
may represent closed-circular, nicked-circular, and supercoiled forms o f the FAW mtDNA.
To further verify that the three forms were mtDNA, the gels were later hybridized to
cloned FAW mtDNA. All three bands were indicated to contain a fragm ent o f mtDNA.
This evidence strongly suggests that intact purified FAW mtDNA contains three "high
molecular weight" forms. This is the first report of different electrophoretic patterns of
purified mtDNA.
Because the Xbal restriction enzyme cuts the FAW mtDNA into the proper sized
fragments for cloning, 8.1Kb, 6.2Kb, and 2.0Kb, a FAW mtDNA library was established
used vector pUC19. The following five recombinant plasmids were obtained: XbaI-8.1K b.
XbaI-6.2K b. XbaI-2.0K b. X bal-1.0K b. and XbaI-0.3K b. the latter two of which were of
unknown origin. Two additional clones, EcoRI- 1.32 and EcoRI-0.78K b were generated to
aid in the determination of Xbal clone origin and orientation.
Twenty nine restriction enzymes were used to develop a detailed map for the entire
mtDNA o f using the first three Xbal clones. Subsequently, four enzymes were mapped using
purified mtDNA, which allowed the clones to be arranged. The ultimate restriction map
is the most detailed map o f insect mtDNA reported to date. These data are o f general
significance in that they will serve as the baseline information for population genetic studies
of FAW.

Furthermore, these data were necessary to facilitate sequencing of the FAW

mtDNA.
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Two fragments of FAW mtDNA were sequenced. A fragment termed XbaI-0.3Kb.
contained a 232bp FAW fragment and the XbaI-2.QKb clone contained a 2019bp piece.
Totaling them together, about 14% of FAW mitochondrial genome was sequenced.
Computer searching of these two nucleotide sequences by UWGCG package showed very
high agreement with mtDNAs of different species from yeast to human beings, especially
insects. DNA/DNA hybridization of 0.3Kb and 2.0Kb fragments with probe DNAs of
EcoRI-0.78Kb and EcoRI-1.32Kb from FAW mtDNA clones indicated that the Xbal0.3Kb fragment was located in the 6.2Kb fragment nearest to the 3’-end of the XbaI-2.0Kb
fragment.
The entire 16S (large) rRNA gene of FAW mtDNA was precisely located at positions
51-1400bp of the XbaI-2.0 sequence and thus was contained entirely in this fragment. The
gene contains 78.9%, 75.7%, 75.6%, and 70% similarities with mitochondrial 16S rRNA
genes of D. melanogaster. D. vakuba. Aedes albopictus. and Aois mellifera. respectively.
Seven base conserved regions in the 16S rRNA genes were identified for the first time.
i

These conserved regions could be used to design sequencing primers for mitochondrial
rRNA gene polymorphism studies within species or among species. The conserved regions
might also be used for applied purposes such as to design antisence RNA molecules to
control insect pests.
More than 70% of URF1 gene was also located in the sequenced fragments. DNA
sequence position 1547 to 2019bp of the XbaI-2.0 fragment encoded the N-terminal of
URF1 gene. The 232bp sequence of the XbaI-0.3 fragment encoded another part of the
URF1 gene, which is just after the 2019bp of the XbaI-2.0Kb fragment. Approximate 5bp
are missing between cloned fragments. By the alignment of these two parts of the URF1
gene against the URF1 gene of D. vakuba mtDNA, about 80% nucleotide similarity was
found. Results from these studies indicate that the 16S mitochondrial rRNA and URF1
genes are highly conserved in Lepidoptera (as in other insects studied) and suggest that
Lepidoptera are slightly more closely related evolutionary to Diptera (Drosophila and Aedesl
than to Othoptera and Hymenoptra. In addition of these two genes, the 2Kb fragment

contained a tR N A -like sequence between 16S rRNA gene and URF1 gene. This sequences
is not very conservation and could not be reliably aligned to any other insect sequences.
Although it is likely to be a tRNA gene, I am unable at this point to ascertain the specific
molecule it encodes.
Along with the above findings, 123 pairs o f short direct repeats and 28 pairs of
inverted repeats were located in the 2019bp sequence. Some o f these sequence structures
m ight be related to potential recombinant mutations o f the FAW mtDNA.

APPENDICES
Appendix I.

Enzvmes used in mapping mtDNA. fragments number,
and cutting sites detected and determined
Enzvme
EcoRI
SacI
Banll
Kpnl

DUC19
1
1
1
1

mtDNA
4
—
—
no cut

XbaI-8.1
no cut
2(d)
3(d)
1(d)

Xmal
Smal

1
1

no cut
no cut

—
no cut
for prep

BamHI

1

no cut

Xbal
Sail

1
1

3
1

ligated
no cut

AccI
Hindi
PstI

1
1
1

2
—
2

SphI
Hindlll
Ndel
XmnI
Aval

1
1
1
1
1

—
—
no cut
for prep
no cut
2(d)
1(d)
1(d)
2(d)

no cut
3
—
—
—

Xbal—6.2
2 (d)*
2 (d)
3
no cut;
for prep
—
1(d)
2(d)

XbaI-2.0
2(d)
no cut
no cut
no cut
—
no cut

ligated
no cut
for prep
—
2 (1,d)**
1(d)

no cut
for prep
ligated
no cut
for prep
—
no cut
1(d)

no cut
2(d)
1(d)
3( 2 /d)
1(d) .

no cut
1(d)
no cut
1
no cut

* d stands for the site has been determined.
**2(l,d)

means

that

amoung

3

sites

determined.
—

means that has not been tested.
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only

2

sites

have

been
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Appendix II.

Decision of Each Endonuclease cutting site on the FAW

mtDNA fragments which were cloned at the Xbal sites
of the plasmid vector pUC19.
For convenience

and to shorten description,

the enzymatic

reactions and their products were written in the following way:
name of enzyme
name of the recombinant plasmid--------------- > fragment sizes bp
In the case of more than one enzyme being used, the reaction
was written as:
1st enzyme

2nd enzyme

name of plasmid------------ >,---------- >,...fragment sizes bp
When two enzymes require different buffers, phenol extraction
and EtOH precipitation was performed before the second digestion.
Pictures from results of agarose gel electrophoresis were kept
in the author's original notebooks.

These results are very much

reproducible

clues

if the

reader

follows

statistical error are considered.

offered and when

the

To interpret data analysed or

to compare generated data with this appendix, a pUC19 plasmid map
and roughly draw recombinant plasmids are necessary.

A circle

recombinant plasmid model with multicloning sites was provided for
convenience

in

describing

and

understanding

cutting

sites

determined. The thin arc represents vector pUC19 on which, numbers
represent the corresponding enzyme cutting sites on the pUC19 map.
The thick arc represents FAW mtDNA fragment insert.

Numbers on the

arc represent base pair distance from the left side of pUC19 Xbal
site. A few samples with explanations are shown in the beginning.
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Pstl

1158

E co RI 1269

Hindi II 1497
EcoR I 506

V ^X bal 423
Bam HI 417-A ,S m a , 412
Kpnl 4 0 8 - _ S a c | 402
EcoRI 3 9 6 -

X bal 4 2 3 - T s a l l 429
P s tl 4 3 5 - T S p h l 441
H indlll 4 4 6 * \

13bp = 1°
Restriction Enzyme Mapping of the Recombinant
Plasmid of Xba! - 2.0 Fragment of FAW mtDNA
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I. Restriction endonuclease sites on FAW-mtDNA-XbaI-2.0
(I) . Pstl (1 site)
Pstl
Xbal-2 .0-------- > 3350, 1170
The cutting site
from

for 1170 bp must be at the right side

the vector Pstl site. The accurate site on the insert should

be:
1170 - ( 435 -423 ) =

1158

(Jan/17/89 gel)

(II). Hindlll (1 site)
Hindlll
Xbal-2 .0---------- > 3160,1520
The cutting site
from

for 1520 bp must be at the right side

the vector Hindlll site..

The accurate site on the insert

should be:
1520 - (446 -423) == 1497

(Jan/17/89 gel)

(III). EcoRI (2 sites)
ECORI

1.

Xbal-2 .0---------- > 3290, 770, 730 bp
Since 3290 bp > pUC19 > insert, one cutting site must

be at the outside the left border of the pUC19, so:
Sail

EcoRI

2. Xbal.-2 .0------ >,-------->2650, 758, 728, 512 bp
Since 3290 bp was replaced by 2650 (major part of pUC19)
and 512 bp, the fragment 512 must be at the right side from Sail.
Now need to decide which one of 758 bp and 728 bp should be near
to 512 bp fragment. So:

BamHI

EcoRI

3. XbaI-2 .0------- >,------- >3120, 763, 700 bp
The fragment 3120 bp represented the vector plus 512 bp.
when compared to result 1, a fragment with 730 bp was replaced by
700 bp fragment.

This meant that 700 bp band was close to BamHI

side on the vector (417 - 396 == 21 bp which was cut out). So, 700
+ 21 is very close to 728 (or 730) bp.

(Jan/19/89).

4. As a conclusion, the first EcoRI cutting site was on
the

leftside of the insert,

from the Xbal cloning site;
763

512 - ( 423 - 429 ) ==

506 bp away

the second EcoRI cutting site was on

+ 506 == 1269 bp away from the left side of the Xbal cloning

site.

II.

Restriction endonuclease sites on the FAW-mtDNA-Xbal-6.2
Since no cutting site existed on the XbaI-6.2 insert by

Konl. Sail, and Sphl, Kpnl and Sail were choosen, respectively, to
linearize
linearized

this

recombinant

plasmid.

recombinant plasmid

These

two

sets

offered marker points

of

the

for other

enzymes to map the insert.
(I). SacI (2 sites)
SacI
1.

XbaI-6.2-------- > 4220, 3700, 200 bp (Feb/2/89 gel)
Sail

2.

SacI

XbaI-6.2------- > one band------ > 3700, 2690 (pUC19) ,

1700, and 200 bp.

So, 1700 bp must be part of 4220 which meant

that one SacI site should be near the Sail side of the vector.
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SacI
3.

Pstl

Xbal- 6 . 2 ---- >,--------- > 2710

of insert), 1570

(vector with a piece

(cutting site near to Pstl site on the vector),

1180 (fragment between SacI and Pstl on the insert), and 244-21 ==
223 bp (near SacI site of the vector)
(II). Smal

(Feb/11/89 g e l ) .

(1 site)
Smal

1. XbaI-6.2------- > 5230,
Sail

3050 bp;

Smal

2. XbaI-6.2------- >,------ > 3050, 2700, and 2700 bp.
Smal site should be on the left side of the insert , 2700 bp away
from left side of the Xbal cloning site (Feb/2/89 g e l ) .
(III). Pstl (1 site)
Pstl
1. XbaI- 6 .2

> 5600, and 2930 bp;
Konl

Pstl

2. XbaI-6.2------>,------ > 2930, 2930, 2700
The Pstl site should be at the middle of the

insert

(pUC19) bp.
(Feb/21/89

gel) .
(IV). Ndel (1 site)
Ndel
1. XbaI-6.2
Kpnl

> 7100, 862 bp (Feb/2/89 g e l ) ;
Ndel

2. XbaI-6.2------ >,------> 7100,

618,

and 264 bp.

The

Ndel site must be on the right side of the insert, 862 - 622 == 622
bp away from the Xbal cloning site (Feb/2/89 g e l ) .
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(V). EcoRI

(2 sites)
EcoRI

1. XbaI-6.2------ > 6650, 680, 518 bp (Feb/3/89 g e l ) ;
Sail

EcoRI

2. XbaI-6.2----- >,
One site must be on
The

> 4150, 2680, 680, 518 bp.

the left side from Sail on the vector.

fragment contains 4150 bp.

The second site was located at the

site close to Kpnl on the vector,

since the smallest fragment of

XbaI-6.2 digestion by Kpnl and EcoRI was little smaller than 518
bp.

(VI). Hindlll (2 sites)
Hindlll
1. XbaI-6.2

> 3900, 3440, 730 bp;
Kpnl

Hindlll

2. Xbal-6. 2------- >,------- > 3440,

2620,

1340,

730 bp.

The first site was located on the right side of the insert,
1340

- 15 == 1325 bp away from the Xbal cloning site (Feb/8/89).
Hindlll
3. XbaI-6.2------ > 4090, 3520, 698 bp;
Hindlll

Pstl

4. Xbal-6. 2----- >,-------- > 4090, 2020, 1300, 697 bp.
Since Pstl cut certain bases out off 698 bp

fragment,

the

second cutting site of Hindlll should be on the Pstl site of the
vector

and the

accurate

site must be

insertion site (Feb/11/89 gel).

687

-

12 ==

675 bp

from
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(VII). Balll (1 site)
Sail

Balll

Xbal-6. 2-------->,-------- > 7500 and 868 bp.
The Bcrlll cutting site should be located on the 868 - (429 42 3) == 862 b p f left side of the insert (Feb/11/89 g e l ) .
(VIII). Nrul (1 site)
Nrul
Xbal-6. 2------- > 6500, 2027 bp.
The Nrul site must be on the right side of the insert, 2027 (423 - 408) == 2012 bp away from the Xbal cloning site (Feb/11/89
gel) .
(IX). Aval

(1 site)
Aval

1. XbaI-6.2------ > 5200, 2910 bp.
Sail

Aval

2. Xbal-6. 2------>,------ > 2910, 2650, and 2650 bp
The Aval site must be on the left side of the insert, 2650 6 == 2644 bp away from Xbal clonning site (Feb/14/89 g e l ) .
(X). EcoRV (l site)
EcoRV
1. XbaI- 6 .2------- > one band;
Kpnl

EcoRV

2. XbaI-6. 2------ >,
Sail

>4920, 2990 bp;
EcoRV

3. Xbal-6. 2------- >,------- >5500, 2590 bp
The EcoRV site must be on the left side of the insert, 2590 -6 ==
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2584 bp away from the Xbal clonning site (Feb/14/89 gel).
(XI)

HincII (4 sites)
HincII
1. xbal-6.2-------- > 3054, 2120, 2120, 560, 238 bp?
Kpnl
2. XbaI-6.2

> 2580, 2120, 2120,

560, 452, 238 bp;

The first Hindi! cutting site must be on the right side of the
insert,

452

-

(Feb/8/89 gel).

9

==

433

bp

away

from

the

Xbal

clonning

site

The other three sites have not located yet!

(XII). XmnI (3 sites)
XmnI
1. XbaI-6.2------- > 3750, 2850, 1380, 267 bp;
Kpnl

XmnI

2. XbaI-6.2------>,------ > 3750, 2050, 1380, 770, 267;
The first cutting site should be on the right side of the
insert,

2050 - (423 -408) —

2035 bp away from the Xbal cloning

site (Feb/15/89 gel).
Sail

XmnI

3. Xbal-6. 2------->,------- >2850, 2100, 1890, 267 bp;
The second cutting site must be on the left of the insert,
2100 -6 == 2094 bp away from the Xbal cloning site.

The third site

has not been located yet!
(XIII). BamHI

[3 sites; but in the digestion of whole FAW

mtDNA, no cut was found by BamHI (June/13/88 gel, and discussion)].
BamHI
1. XbaI-6.2

> 4072, 3160, 722, 200;

Sail

BamHI

2. XbaI-6.2------ >,------- >4072, 2660, 722, 500, 200;
The first site must be on the left side of the insert, 500 bp
away from the Xbal cloning site (Feb/8/89 gel).
BamHI

Balll

3. Xbal-6 .2------- >,------- > 3750, 3180, 738, 312, 200.
The second site must be located on the 3750 bp away from Balll
site on the insert

(Feb/16/89 gel) .

The third site has not yet

located!

III. Cutting sites on the FAW-mtDNA-XbaI-8.1
Since no cutting site existed on the Xbal- 8 .1 insert by Smal,
Sail. and Pstl. they were choosen respectively,

to linearize the

recombinant plasmid which contains Xbal- 8 .1 Kb fragment insert from
FAW mtDNA.
known

These sets of the linearized recombinant plasmid and

cutting

marking points

sites
to

on

vector

pUC19

by

other

enzymes

locate the other enzyme cutting

site

offered
on the

insert.
(I). Ndel (1 site)
Ndel
Xbal-8.1------- > 1888, 8777 bp
The Ndel site was located on the right side of the insert,
1888 - ( 423 - 183 ) == 1648 bp away from the Xbal cloning site
(June/30/89 gel).
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(II). Balll

(l site)
Sail

Balll

Xbal-8 .1-------- >,------ > 655 , 10000 bp
The Balll site was located on the left side of the insert, 655
- (429 - 423) == 633 bp away from the Xbal cloning site (Sep/8/88
gel) .
(III). BstEII

(1 site)
Sail

BstEII

Xbal

Xbal-8 .1------- >,-------- > 5900, 4300

> 5900, 2850,

1260 bp
The BstEII site was located on the right side of the insert,
1260 bp away from the Xbal cloning site (Sep/13/88 g e l ) .
(IV). Xhol

(l site)
Pstl

Xhol

Xbal-8 .1-------- >,-------- >10200, 401 bp
The Xhol site was located on the left side of the insert, 401
- 12 == 389 bp away from the Xbal cloning site (Sep/28-29/88 gel) .
(V). Hindlll

(2 sites)
Hindlll

1* XbaI-8.1

> 3900, 3200, 3200 bp
Smal

Hindlll

2. Xbal-8 .1-------- >,-------- >3900,
The
insert,
gel) .

first Hindlll

3200, 2900, 385 bp

site should be on the right side

385 - 13 == 372 bp away from Xbal cloning site

of the

(Sep/29/88
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Smal

Hindlll

3. Xbal-8• 1---- >,-------- >3850, 3080, 2750, 410 bp
Smal
4.

Hindlll

Ndel

Xbal-8 .1---- >,-------- >,

>3850,

2550,

1580,

1280, 410, 290 bp
The second Hindlll

site must be on the right side of the

insert, 3480 bp away from the Xbal cloning site (Oct/3/88 gel).
(VI). EcoRV (2 sites)
EcoRV
1. Xbal-8 .1----- >5000, 5000 bp
Smal

EcoRV

2. Xbal-8 .1----- >,------->5000, 4500, 460 bp
The first site must be on the right side of the insert, 460 (423 -412)
gel).

== 449 bp away from the Xbal cloning site

(Oct/3/88

The second site was located on the site 4550 bp away from

first site.
(VII). Banll (3 sites)
Banll
1. Xbal- 8 .1----- > 3500, 2380, 2380, 1540 bp
Pstl
2. XbaI-8.1

Banll
>,

> 2780, 2380, 2380, 1540, 798 bp

The first site must be on the left side of the insert, 798 12 == 786 bp away from the Xbal cloning site (Oct/6/88 gel).
Pstl

Banll

3. XbaI-8.1------ >,----- > 2670, 2370, 2370, 1510, 765 bp
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Pstl

Kpnl

4. XbaI-8.1------ >,----- > 4760, 2580(vector), 2120 bp
Here 2120 bp roust be on the Pstl side.
Pstl
5.

Kpnl

Banll

Xbal-8 .1------ >,----->,------->2670 (vector) ,

2370,

2370, 1320, 765 bp
The second site roust be on the left side of the insert, 1320
+ 765 == 2085 bp away from the Xbal cloning site (Jun/28/89 gel).
The third site was located on the right side of the insert,
2370 bp away from the Xbal site (Jun/29/89 gel).
(VIII). SacI

(2 sites)
SacI

1. Xbal- 8 .1---- >5230, 2500,2500 bp
Pstl

SacI

2. XbaI-8.1---- >,------ >2700, 2500, 2350 bp
The first site was located on the left of the insert, 2350 6 == 2344 bp away from the Xbal cloning site; and the second site
should be on the middle between the first SacI site and the right
side of the Xbal cloning site (Oct/6/88 gel).

(IX). Kpnl (1 site)
Kpnl
1. Xbal- 8 .1---- > 4822, 4822 bp
Pstl

Kpnl

2. Xbal-8 .1---- >,------ > 4822, 2770, 2230 bp
The Kpnl site must be on the left side of the insert, 223 0 -
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12 ==

2218

bp

away from the Xbal

cloning site

(Oct/12/88

and

Jan/28/89 g e l ) .

(X). Xmn (1 site)
XmnI
1. XbaI-8.1---- > 5130, 4530 bp
Smal

XmnI

2. Xbal “8 •1---- >,

> 5130, 3820, 835 bp

The XmnI site should be on the right side of the insert, 3820
- (423 -412) == 3809 bp away from the Xbal cloning site (Oct/12/88
gel) .
(XI). Aval

(2 sites)
Aval

1. XbaI-8.1-----> 5200, 2960, 1390 bp
Pstl
2. XbaI-8.1

Aval
>,------ > 5200, 2580, 1390, 380 bp

The first site was located on the left side of the insert, 380
- 12 == 368 bp away from the Xbal cloning site

(Jan/26/89 gel) .

The second site was located, using XmnI cutting site as marker, on
the right side of the insert, 1390 - 11 == 1380 bp away from the
Xbal cloning site (Oct/12/88 gel).

132

A p p e n d ix I I I .
Enzymes that do not cut vector PUC19 but
teated to digest Xbal fragments of mtDNA
Enzume
Xhol
Hpal
Ncol
SacII
StuI
Apal
Bell
Bglll
BstEII
EcoRV
Nrul
Spel
SnaBI

XbaI-8.1
1(d)
no cut
no cut
1
no cut
no cut
no cut
1
1(d)
2(d)
no cut
no cut

XbaI-6.2
no cut
no cut
no cut
no cut
no cut
—
no cut
1(d)
no cut
1(d)
1(d)
no cut

—

—

XbaI-2.0
no cut
no cut
no cut
no cut
no cut
—
no cut
no cut
no cut
no cut
no cut
no cut
no cut

Numbers mean cutting time, d means this cutting site has been
decided already.

Appendix IV Denaturation of Double Stranded DNA for Sequencing

Plasmid
1M NaOH

64ul (5ug)
16ul

total vol

80ul
mix well and spin down;
room temp. 5 min

I

80ul denatured DNA
| 32ul 2M NH4AC
112ul DNA
440ul of -70 C absolute EtOH;
mix well; put at -70 C overnight

I

552ul cold DNA
|l1,000 rpm, 4 C, 20 min

DNA pellet
500ul of -70 C 7 0 % EtOH;
carefully invert for 2 times;
11,000 rpm, 4 C, 10 min
DNA pellet
vacuum dry and keep there unti1
annealing with primer;
7ul dd H70
r

*

7ul DNA should
immediately be used for annealing
with primer
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Appendix

V

. DNA Sequence Reactions

7u 1 denatured DNA
2ul 5X sequence buffer
lul primer

lOul t o t a l vol
65 C, 2 min; then transfer to a beaker
with enough 65 C water so that allow the water
fcool down at room temp, until below 30 C in about 2 hrs.
10ul annealed DNA
2ul diluted labelling mix (1ul labelling mix : 4ul ddHzO)
2ul diluted sequenase (0.5ul sequenase : 4ul enzyme
dilution buffer
1 ul DTT
0.5ul 3SS dATP
quickly spin down, tap the tube with finger and quick spin
again; keep at room temp, no more than 5 min, then, put the
tube on ice.
15.5ul reaction system
2.5ul
2.5ul
2.5ul
2.5ul
ddG
ddA
ddT
ddC
(warm these 4 tubes at 37 C, 5 min)
i.5ul to wall of each tubespin, tap, and spin
37 C, 5 min
6ul reaction product in each tube
4ul stop solution
on wal 1 of each tube
spin, tap, spin
10ul loading sample in each tube;
keep in freezer.
heat to 75-80 C,
2 min before immediate loading gel
(3.5ul/wel1).
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